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Abstract

This study documents background chemical composition of soils, groundwater,
surface water, and sediments of John F. Kennedy Space Center (KSC).
Kennedy Space Center is a complex environment; the chemical composition of
these media is a product of geologic history, climate, interactions with biota, and
anthropogenic effects such as citrus agriculture and ranching.

Fifty-eight soil series and land types occur on KSC. We developed a
classification of ten soil classes: coastal, acid scrub, coquina scrub, flatwoods,
hammocks, freshwater wetland, saltwater wetlands, citrus scrub, citrus
hammock, and disturbed. These classes represent major divisions including
upland (well-drained, poorly drained, acid, circumneutral, alkaline), wetland
(freshwater, saltwater), agriculture, and disturbed. We selected twenty sample

sample was collected for analysis. Samples were also collected for bulk density
and soil texture analyses. Standard sampling protocols were followed.

Soil samples were analyzed for organochlorine pesticides, aroclors, chlorinated
herbicides, polycyclic aromatic hydrocarbons (PAH), total metals, pH, cation
exchange capacity (CEC), bulk density, resistivity, and soil texture. Sixteen
organochlorine pesticides, all (6) aroclors, 15 chlorinated herbicides, one PAH,
and four metals were below detection in all samples. Frequencies of
organochlorine pesticides above detection limits in all soils were low: however,
frequencies were higher in agricultural (citrus scrub, citrus hammock), disturbed,
and saltwater wetland soil classes. This probably reflects past use for mosquito
control and in citrus agriculture. Frequencies of chlorinated herbicides above
detection limits were low. PAHs were above detection limits in relatively few soil
samples; frequencies were greater in agricultural (citrus scrub, citrus hammock)
and disturbed soil classes. However, PAH values above detection occurred in
other soil classes. PAHs have both natural and anthropogenic origins. Among
the metals, Ba, Cd, Se, Ag, and Tl occurred in few samples above detection
limits. As, Cu, and Hg were above detection limits with an intermediate
frequency, while the other metals were frequently above detection limits.
Kruskal-Wallis tests indicated that all soil parameters differed among soil classes
(p< 0.001). However, given the low frequency of detection of organics and some
metals, analysis of variance (ANOVA) was conducted only for metals where >25
% of values were above detection and for pH, bulk density, resistivity, and CEC.
All metals analyzed (Al, As, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, K, Na, V, Zn) were
significantly different among types (p < 0.001). Patterns of differences varied

the soils and subsequent changes from weathering and leaching.
Concentrations of most metals were low compared to other regions. Cr, Cu, Mn,
and Zn had higher values in agricultural soils probably from sources in fertilizers
or pesticides. Soil pH was highest in coastal soils and lowest in flatwoods.
Coastal, acid scrub, and coquina scrub soils had very low CEC values consistent



with the low organic matter content of these soils; values in hammocks and
wetlands, where organic matter accumulates, were substantially higher. Bulk
density was low where organic matter accumulates in surface soils. Soil texture
analysis indicated that coastal and coquina scrub soil classes were medium
sands in the Wentworth classification and the other soil classes were fine sands.

The aquifer of primary concern for contamination issues on KSC is the Surficial
aquifer. The Surficial aquifer can be divided into four subsystems: Dune, Dune-
Swale, West Plain, and Marsh that differ in area, amount of recharge, and degree
of interaction with saline water of the Indian River Lagoon and Atlantic Ocean.

We located six sample sites in each subsystem, 24 total sites. The sampling plan
designated that a shallow well (4.6 m) was to be installed at each site.
Intermediate wells (10.7 m) were to be installed at four sites per subsystem (16
total); deep wells (15.2 m) were to be installed at three sites per subsystem (12
total). A total of 52 wells were planned. Due to the depth of the confining unit at
one location, the deep well was not installed there. Therefore, a total of 51 wells
were installed at varying depths. Groundwater samples were collected using
standard protocols. Groundwater samples were analyzed for organochlorine
pesticides, aroclors, chlorinated herbicides, PAH, total metals, dissolved oxygen
(DO), turbidity, pH, specific conductivity, temperature, total dissolved solids
(TDS), and total organic carbon (TOC).

All organochlorine pesticides (25), all aroclors (6), and all chlorinated herbicides
(18) were below detection in all samples. Ten PAHs were above detection in one
to four samples. Co and Hg were always below detection. Be, Ag, and Zn were
above detection in just one sample each. For some parameters, frequency of
occurrence above detection varied with subaquifer or depth. PAHs were above
detection only in shallow wells of the Dune, Dune-Swale, and West Plain
subaquifers. As and Cd were most frequently above detection in the Dune
subaquifer.

Among metals only Al, Ca, Cl, Fe, Mg, Mn, K, and Na were above detection in
sufficient samples to compare concentrations. In addition, TDS, TOC, specific
conductivity, pH, DO, and field temperature could be compared. Univariate, two-
way ANOVA where subaquifer and depth were fixed effects was conducted using
temperature and log-transformed chemistry data. Models were not significant for
Al and DO; the significance level for the model (p=0.057) for Fe was marginal.
Interactions were significant for pH. TOC difered across subaquifers but not
depths. Ca, Cl, Mg, Mn, K, Na, TDS, and conductivity differed with subaquifer
and depth.

For screening purposes, a simpler classification of groundwater was desired.
The regulatory criteria (Florida Department of Environmental Protection) for
dividing groundwater into classes G2, with total dissolved solids <10,000 mg/L,
and G3, with total dissolved solids >10,000 mg/L., were adopted. Some
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parameters were more frequently above detection in class G2 (Cd, Fe, TI) and
Some were more frequently above detection in class G3 (Sb, As, Pb). Ca, Cl,

Mg, K, Na, total dissolved solids, and conductivity were substantially higher in

class G3, as would be expected.

The baseline data suggest that widespread contamination of the Surficial aquifer
on KSC has not occurred. The chemical parameters varying most with
subagquifer and depth were Ca, Cl, Mg, K, and Na, and conductivity and total
dissolved solids that are related to these cations and anions. Concentrations
increased with depth within a subaquifer. At a given depth, concentrations in the
Dune-Swale and West Plain subaquifers were lower than in the Dune and Marsh
subaquifers. These trends reflect increased mineralization with depth and
differences between the fresh water Dune-Swale and West Plain subaquifers and
the more saline Dune and Marsh systems.

KSC is surrounded by the Indian River Lagoon System that extends along the
East Coast of Florida from Ponce de Leon Inlet to St. Lucie Inlet near Stuart.

Banana Creek, Banana River, Indian River Lagoon, Mosquito Lagoon, saline
ditches (salinity > 6 Ppt), and freshwater ditches (salinity < 6 ppt).

Surface water was analyzed for organochlorine pesticides, aroclors, chiorinated
herbicides, polycyclic aromatic hydrocarbons, and metals. Field parameters
such as pH, temperature, turbidity, DO, and conductivity were also measured at
each sampling location.

Ali of the aroclors (6) and chlorinated herbicides (18) were below detection. One
of 25 organochlorine pesticides (Dieldrin) was above detection as were five of 17
PAHSs. The occurrence of Dieldrin is probably related to past agricultural use.
Concentrations of PAHs were low; these may result from natural sources or
regional deposition. Sixteen of 24 metals were above detection limits; eight (Ba,
Cd, Cr, Co, Hg, Ni, Vn, and Zn) were always below detection. Two PAHs
(naphthalene, fluorene) and one metal (Cu) were above detection in only one
sample. Nine metals (Sb, As, Be, Cu, Pb, Mn, Se, Ag, and T1) were above
detection in too few samples to test for differences among watershed basins.
Seven metals commonly above detection limits (Al, Ca, Cl, Mg, Fe, K, and Na)
differed among basins (ANOVA, p<0.05).
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Sediment sampling stations were co-located with surface water sampling
jocations. A total of 40 stations were selected to incorporate samples from open
lagoonal water, rivers, creeks, ditches, burrow pits, and impoundments. Stations
included 18 ditches with five located near KSC’s industrial areas.

Sediments were analyzed for for organochiorine pesticides, aroclors, chlorinated
herbicides, PAH, and metals. Other parameters such as percent solids, pH,
resistivity, texture, and TOC were also analyzed.

All of the aroclors (6), 16 of 18 chiorinated herbicides, 24 of 25 organochlorine
pesticides, 6 of 18 PAHSs, and 7 of 23 metals were always below detection.
Chlorinated herbicides, organochlorine pesticides, and PAHS that were above
detection were at low to very low frequencies. Ten metals (Al, Ca, Cr, Fe, PD,
Mg, Mn, K, Na, and V) were above detection in sufficient samples to analyze for
difference among watershed basins; none were significant (ANOVA, p < 0.05).

An extensive evaluation and validation of the data was conducted. Metal
analyses were of high quality with few problems noted. Organic analyses were
more variable than metals. However, the organic analyses results were of
generally good quality, and most organics were below detection.
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Executive Summary

This study documents background chemical composition of soils, groundwater,
surface water, and sediments of John F. Kennedy Space Center (KSC).
Kennedy Space Center is a complex environment; the chemical composition of
these media is a product of geologic history, climate, interactions with biota, and
anthropogenic effects such as citrus agriculture and ranching.

KSC has been the primary launch complex for the United States Space program
since the 1960’s. In this time, many industrial practices have required use of
hazardous materials; these uses have lead to potential contamination concerns
center-wide. Currently, data collected during investigation of areas that may
have been contaminated are compared to regulatory, risk-based screening
values. The purpose of this study was to develop the baseline (background)
values specific to KSC. Current screening values may be extremely conservative
and may actually represent values that are lower than naturally exist within this
landscape.

Soil

The soils of KSC are mapped in the soil surveys for Brevard County (Huckle et
al. 1974) and Volusia County (Baldwin et al. 1980), and the resulting soil pattern
is complex. Fifty-eight soil series and land types are represented. The primary
source of parent material for KSC soils are sands of mixed terrestrial and
biogenic origin. Soils differ in age across the KSC landscape. Differences in soil
drainage affect the accumulation of organic matter, which influences many soil
properties. In addition, proximity to the lagoon systems influences soil salinity.

We divided soils first into four groups: Upland, Wetland, Agricultural, and
Disturbed. We divided Upland soils into well-drained and poorly drained
categories. We divided well-drained, upland soils into three classes: 1)
geologically recent, alkaline, sandy soils of coastal dunes where the vegetation is
coastal dunes, coastal strand, or coastal scrub; 2) old, inland, leached, acid,
sandy soils where the vegetation is oak-saw palmetto scrub or scrubby
flatwoods; and 3) inland, circumneutral soils formed over coquina where the
vegetation is oak-saw palmetto scrub or xeric hammock. We divided poorly-
drained, upland soils into two classes: 1) acid, sandy soils with flatwoods
vegetation; and 2) circumneutral to alkaline soils formed over coquina or
limestone where the vegetation is mesic hammock. The primary division of
wetland soils was between: 1) inland, freshwater wetlands where the vegetation
was freshwater marshes or hardwood swamps; and 2) coastal, brackish to saline
wetlands where the vegetation was salt marshes or mangroves. Agricultural
soils were of two types: 1) active or abandoned citrus on scrub soils; and 2)
active or abandoned citrus on hammock soils. Disturbed soils included various
types modified by construction. This group could be heterogeneous, but there
was no apparent division into homogeneous subgroups.
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This classification resulted in ten groups. We selected twenty sample locations
in each soil class, a total of 200 locations. A 0-30 cm layer composite sample
was collected for analysis. Samples were also collected for bulk density and soil
texture analyses. Standard sampling protocols were followed.

Samples were analyzed for organochiorine pesticides, aroclors, chiorinated
herbicides, polycyclic aromatic hydrocarbons (PAH), total metals, pH, cation
exchange capacity (CEC), bulk density, resistivity, and soil texture.

Sixteen organochlorine pesticides, all (6) aroclors, 15 chlorinated herbicides, one
PAH, and four metals were below detection in all samples. Frequencies of
organochlorine pesticides above detection limits in all soils were low; however,
frequencies were higher in agricultural (citrus scrub, citrus hammock), disturbed,
and saltwater wetland soil classes. This probably reflects past use for mosquito
control and in citrus agriculture.

Frequencies of chlorinated herbicides above detection limits were low:
frequencies were slightly higher in agricultural (citrus scrub, citrus hammock),
disturbed, and saltwater wetland soil classes. The low frequency of detection of
chlorinated herbicides indicates that contamination by them has not been
widespread in the KSC environment.

Among the metals, Ba, Cd, Se, Ag, and Tl occurred in few samples above
detection limits. As, Cu, and Hg were above detection limits with an intermediate
frequency, while the other metals were frequently above detection limits.

Kruskal-Wallis tests indicated that all soil parameters differed among soil classes
(p< 0.001). However, given the low frequency of detection of organics and some
metals, analysis of variance (ANOVA) was conducted only for metals where >25
% of values were above detection and for pH, bulk density, resistivity, and CEC.
All metals analyzed (Al As, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, K, Na, V, Zn) were
significantly different among types (p < 0.001). Variances were not
homogeneous (Levene test, p<0.05) except for Zn; thus, the Games-Howell test
was appropriate for examining Mmultiple comparisons.

Patterns of differences varied among metals. Al had low values in flatwoods,
acid scrub, and coastal soils and higher values in other types. As had higher
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values in coastal and saltwater wetland soils and lower values elsewhere. Ca
was high in coastal and disturbed soils, low in acid scrub and flatwoods, and
intermediate in other types. Cr, Cu, Mn, and Zn had higher values in citrus scrub
and citrus hammock soils and lower values elsewhere. Fe was low in acid scrub
and flatwoods soils and higher in other types. Pb values were low in acid scrub,
coastal, and flatwoods soils, high in saltwater wetiands, and intermediate in other
types. Mg, K, and Na levels were lowest in acid scrub and highest in saltwater
wetlands. Hg was low in acid scrub and coastal soils and high in hammocks and
freshwater wetlands. V was low in acid scrub and flatwoods, high in saltwater
wetlands, and intermediate in other types.

Metal concentrations in KSC soils reflect both the origins of the soils and
subsequent changes from weathering and leaching. Concentrations of most
metals were low compared to other regions. Cr, Cu, Mn, and Zn had higher
values in agricultural soils probably from sources in fertilizers or pesticides.

Soil pH was highest in coastal soils and lowest in flatwoods. Calcium carbonate
shell material is abundant in coastal soils making them alkaline, while other types
are slightly to strongly acid. Leaching of basic cations from older soils has
contributed to their acidity. Coquina scrub soils that have shell material deeper in
the soil profile were less acid than acid scrub soils that lack this buffering. The
agricultural types (citrus scrub, citrus hammock) were less acidic than the original
soil types. This may be due to liming (Brady 1974) or to irrigation with
groundwater high in carbonates.

Coastal, acid scrub, and coquina scrub soils had very low CEC values consistent
with the low organic matter content of these soils; values in hammocks and
wetlands, where organic matter accumulates, were substantially higher. Bulk
density was low in flatwoods, hammock, freshwater wetland, and saltwater
wetland soils where organic matter accumulates in surface soils and higher in the
other types with little organic matter accumulation.

Resistivity was low in saltwater wetland soils that had high concentrations of Na
and K as well as CI'.

Soil texture analysis indicated that coastal and coquina scrub soil classes were
medium sands in the Wentworth classification and the other soil classes were
fine sands. Shell fragments in coastal and coquina scrub soils result in larger
mean grain size than other soils that are composed mainly of quartz grains.

KSC Background screening values for soil are given in Appendix A, Table A-1.
Screening values are calculated as twice the mean. Values are given for all soils
and by soil classes (11 classes total). The NASA/KSC Remediation Team
decision for screening allows only inorganic data to be used as a screening tool.
Organic data should be discussed in the uncertainty section of reports.
Combined values for pesticides (as noted on table) can only be used for the
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following classes: saltwater wetland, citrus hammock, citrus scrub, and disturbed.
To use the screening tables: 1) screen site data against the combined mean; 2) if
the site value is higher than the combined mean, go to the soil class that
corresponds to site data sampling locations. Figure 2.2 illustrates KSC
background classification information. Individual site maps can be obtained,
upon reqest, from NASA support contractor when additional site details are
needed.

Groundwater

Several groundwater aquifers occur beneath the surface of KSC (Clark, 1987¢).
The aquifer of primary concern for contamination issues is the Surficial aquifer
that occurs in the saturated part of the moderately permeable Pleistocene and
Holocene deposits of fine to medium sand, shell, coquina, silts, and marl. The
Surficial aquifer can be divided into four subsystems: Dune, Dune-Swale, West
Plain, and Marsh. These subaquifers differ in area, amount of recharge, and
degree of interaction with saline water of the Indian River Lagoon and Atlantic
Ocean.

We located six sample sites in each subsystem, 24 total sites. The sampling plan
designated that a shallow well (4.6 m) was to be installed at each site.
Intermediate wells (10.7 m) were to be installed at four sites per subsystem (16
total); deep wells (15.2 m) were to be installed at three sites per subsystem (12
total). A total of 52 wells were planned. Due to the depth of the confining unit at
one location, the deep well was not installed there. Therefore, a total of 51 wells
were installed at varying depths.

Groundwater samples were collected using standard protocols. Groundwater
samples were analyzed for organochlorine pesticides, aroclors, chlorinated
herbicides, PAH, total metals, dissolved oxygen (DO), turbidity, pH, specific
conductivity, temperature, total dissolved solids (TDS), and total organic carbon
(TOC).

All organochlorine pesticides (25), all aroclors (6), and all chlorinated herbicides
(18) were below detection in all samples. Ten PAHs were above detection in one
to four samples. Four PAHs were above detection limits in only one sample
each, and these values were between the method detection limit and the
practical quantitation level; therefore, the Remediation team decided to treat
these as below detection. Co and Hg were always below detection. Be, Ag, and
Zn were above detection in just one sample each.

For some parameters, frequency of occurrence above detection varied with
subaquifer or depth. PAHs were above detection only in shallow wells of the
Dune, Dune-Swale, and West Plain subaquifers. As and Cd were most
frequently above detection in the Dune subagquifer.
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Among metals only Al, Ca, Cl, Fe, Mg, Mn, K, and Na were above detection in
sufficient samples to compare concentrations. In addition, total dissolved solids
(TDS), total organic carbon (TOC), specific conductivity, pH, dissolved oxygen
(DO), and field temperature could be compared.

Univariate, two-way ANOVA where subaquifer and depth were fixed effects was
conducted using temperature and log-transformed chemistry data. Models were
not significant for Al and DO; the significance level for the model (p=0.057) for Fe
was marginal. Interactions were significant for pH. TOC differed across
subaquifers but not depths. Ca, Cl, Mg, Mn, K, Na, TDS, and conductivity
differed with subaquifer and depth.

For screening purposes, a simpler classification of groundwater was desired.
The regulatory criteria (Florida Department of Environmental Protection [FDEP])
for dividing groundwater into classes G2, with TDS <10000 mg/L, and G3, with
TDS >10000 mg/L, were adopted. Some parameters were more frequently
above detection in class G2 (Cd, Fe, Tl) and some were more frequently above
detection in class G3 (Sb, As, Pb). Ca, Cl, Mg, K, Na, TDS, and conductivity
were substantially higher in class G3, as would be expected.

The baseline data suggest that widespread contamination of the Surficial aquifer
on KSC has not occurred. No organochlorine pesticides, aroclors, or chlorinated
herbicides occurred above detection limits. Although pesticide residues or
degradation products and chlorinated herbicides occurred in some soils, those
concentrations were low and migration into the aquifer either has not occurred or
has not been widespread. Some PAHSs occurred in the shallow wells. PAHs
occur in a variety of KSC soils at relatively low concentrations. Some occurrence
in shallow wells is not surprising. PAHs have both natural and anthropogenic
sources (e.g., Suess 1976, Standley and Simoneit 1987, Jones et al. 1989b, c).

Most trace metals were in low concentrations in KSC groundwater if they occur
above detection levels. This is consistent with the low concentrations of most
trace metals in KSC soils and the primarily quartz composition of the terrigenous
deposits comprising the surficial sediments of Merritt Island (Brown et al. 1962,
Milliman 1972, Field and Duane 1974). Al, Fe, and Mn occurred above detection
limits more frequently than other trace metals. Al and Fe are abundant crustal
components and are present in KSC soils. Intense leaching, particularly in acid
scrub and flatwoods soils, mobilizes Al and Fe (Paton et al. 1995). ironis a
typical constituent of groundwater in the Surficial aquifer in Florida (Miller 1997).
Mn is one of the most abundant trace elements (Kabata-Pendias and Pendias
1984); it is present in KSC soils but the concentrations are relatively low.
Solution and precipitation of Fe and Mn are affected by pH and oxidation-
reduction conditions.

The chemical parameters varying most with subaquifer and depth were Ca, CI,
Mg, K, and Na, and conductivity and TDS that are related to these cations and
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anions. The trends were generally consistent among these: the shallow wells in
the Dune-Swale subaquifer had the lowest values. Concentrations increased
with depth within a subaquifer. At a given depth, concentrations in the Dune-
Swale and West Plain subaquifers were lower than in the Dune and Marsh
subaquifers. These trends reflect increased mineralization with depth and
differences between the freshwater Dune-Swale and West Plain subaquifers and
the more saline Dune and Marsh systems. The Dune and Marsh subaquifers
interact with saline water of the Atlantic Ocean and Indian River Lagoon system,
respectively (Clark 1987c).

The screening table for groundwater is given in Appendix A, Table A-2.
Screening values are calculated as twice the mean. The NASA/KSC
Remediation Team decision on groundwater was to separate the groundwater
into FDEP G2 and G3 groundwater classes. To use the screening table for
groundwater: 1) collect TDS data at al| groundwater sampling locations: 2)
determine proper groundwater class for site data based on TDS data collected.
FDEP G2 groundwater class is TDS less than 10,000 mg/L. FDEP G3
groundwater class is TDS greater than 10,000 mg/L.

Surface Water

KSC is surrounded by the Indian River Lagoon (IRL) System that extends along
the East Coast of Florida from Ponce de Leon Inlet to St. Lucie Inlet near Stuart.
This is system includes the Indian River, Banana River, and Mosquito Lagoon.
These basins are shallow, aeolian, lagoons with depths averaging 1.5 m and
maximums of 9 m, which are generally restricted to dredged basins and
channels. The major freshwater body within KSC property is Banana Creek,
which drains the numerous estuaries adjacent to the Space Shuttle faunch pads.

Location of the surface water sampling stations was determined based on the
watershed basins. Forty stations were selected to incorporate samples from

open lagoonal water, rivers, creeks, ditches, borrow pits, and impoundments.
Samples were collected using standard sampling protocols. Basins included

Banana Creek, Banana River, Indian River Lagoon, Mosquito Lagoon, saline

ditches (salinity > 6 ppt), and freshwater ditches (salinity < 6 ppt).

Surface water was analyzed for organochlorine pesticides, aroclors, chiorinated
herbicides, PAH, and metals. Field parameters such as PH, temperature,
turbidity, DO, and conductivity were also measured at each sampling location.

All of the aroclors (6) and chlorinated herbicides (18) were below detection. One
of 25 organochlorine pesticides (Dieldrin) was above detection as were five of 17
PAHs. Sixteen of 24 metals were above detection limits; eight (Ba, Cd, Cr, Co,
Hg, Ni, Vn, and Zn) were always below detection. Two PAHs (naphthalene,
fluorene) and one metal (Cu) were above detection in only one sample. These
were treated as always below detection by the Remediation team.
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The occurrence of Dieldrin is probably related to past agricultural use.
Concentrations of PAHs were low; these may result from natural sources or
regional deposition.

Nine metals (Sb, As, Be, Cu, Pb, Mn, Se, Ag, and Tl) were above detection in too
few samples to test for differences among watershed basins. Seven metals
commonly above detection limits (Al, Ca, Cl, Mg, Fe, K, and Na) differed among
basins (ANOVA, p<0.05). Patterns of differences varied among metals. For Al,
Banana Creek was higher than the other basins. Fe was higher in Banana
Creek, saline ditches, and freshwater ditches compared to Banana River, Indian
River Lagoon, and Mosquito Lagoon. Values of Ca, CI', and Mg occurred in
three classes with Banana Creek, Mosquito Lagoon, and Indian River Lagoon the
highest, Banana River and saline ditches intermediate, and freshwater ditches
low. K was highest in Mosquito Lagoon, intermediate in Banana Creek, Indian
River Lagoon, Banana River, and saline ditches, and lowest in freshwater
ditches. Na was highest in Mosquito Lagoon and the indian River Lagoon,
intermediate in Banana Creek, Banana River, and saline ditches, and lowest in
freshwater ditches.

Screening tables for surface water are given in Appendix A, Table A-3.

Screening values are calculated as twice the mean. The screening table for
surface water has eight classes. To use the screening table for surface water: 1)
collect salinity measurements at all surface water sampling locations; 2) compare
site sample data to the surface water combined values based on the appropriate
salinity ranges. If the site value is higher than the KSC Background combined
salinity value, go to the appropriate surface water basin class for site data in the
surface water table and compare site value to that.

Sediment

Approximately 90% of the IRL bottom area is believed to be flat, exposed
substrate, and consist primarily of sand and shell fragments (Gilmore 1977). A
thin layer of silt often overlays the bottom in the more open portions of the
estuary while a surficial layer of organic detrital material is usually present in
portions adjacent to shore areas (Woodward-Clyde Consultants 1994).
However, fine-grained, organic-rich mucky sediment occurs in about 10% of the
Lagoon in deposits ranging up to more than 2 m thick.

Sediments may have been affected by anthoropogenic modifications including
dredging the Intercoastal Waterway and Haulover Canal, stabilization of inlets,
construction of causeways, land filling, agricultural development, diking,
impoundment for mosquito control, and modifications related to the space
program.
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Sediment sampling stations were co-located with surface water sampling
locations. A total of 40 stations were selected to incorporate samples from open
lagoonal water, rivers, creeks, ditches, burrow pits, and impoundments. Stations
included 18 ditches with five located near KSC’s industrial areas.

Sediments were analyzed for organochlorine pesticides, aroclors, chlorinated
herbicides, PAH, and metals. Other parameters such as percent solids, pH,
resistivity, texture, and TOC were also analyzed.

All of the aroclors (6), 16 of 18 chlorinated herbicides, 24 of 25 organochlorine
pesticides, 6 of 18 PAHSs, and 7 of 23 metals were always below detection.
Chlorinated herbicides, organochiorine pesticides, and PAHs that were above
detection were at low to very low frequencies. Ten metals (Al, Ca, Cr, Fe, Pb,
Mg, Mn, K, Na, and V) were above detection in sufficient samples to analyze for
difference among watershed basins; none were significant (ANOVA, p < 0.05).

The screening table for sediment is given in Appendix A, Table A-4. Screening
values are calculated as twice the mean. There is only one class for sediment.

Database Evaluation and Validation

An extensive evaluation and validation of the database was conducted. Data
collection efficiency was 99.99%. Field methods followed Florida Department of
Environmental Protection (DEP) and NASA/KSC procedures. All analyses used
methods approved by the Environmental Protection Agency (EPA). All sample-
holding times were met. Chain of custody records were maintained with only
minor errors. Results of equipment blank analyses indicated no significant
procedural contamination of field samples. Results of method blank analyses
indicated possible metal contamination in five sample runs. Low level sodium
and calcium contamination did not meaningfully impact estimated means.
Aluminum contamination in the laboratory may have produced a positive 4,.25%
bias in the estimated mean for coastal soils. Assessment of surrogate and spike
recovery indicated good laboratory quality control. Metal analyses were of high
quality with few problems noted. Matrix interferences were an issue in several
coastal soil samples. Organic analyses were more variable than metals; this is
expected given the more complex methodologies. However, the organic
analyses results were of generally good quality, and most organics were below
detection.
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SECTION 1
Introduction

This report documents background chemical composition of pristine soils,
groundwater, surface water, and sediments of John F. Kennedy Space Center
(KSC). Kennedy Space Center is a complex environment; the chemical
composition of these media is a product of geologic history, climate, interactions
with biota, and anthropogenic effects (such as citrus, agriculture, and ranching).

The Landscape of Kennedy Space Center
1.1. Location

Kennedy Space Center is located on the east coast of central Florida in Brevard
County, at approximately 28.5 degrees north latitude and 81.7 degrees west
longitude (Figure 1.1). KSC is located on Merritt Island, a relict barrier island.
Cape Canaveral Air Force Station (CCAFS) occupies the adjacent Cape
Canaveral barrier island. Large water bodies surround these lands: the Atlantic
Ocean, Banana River, Indian River, and Mosquito Lagoon.

1.2. Climate

Merritt Island experiences a warm, humid climate. Long-term precipitation
records (1888-1987) give a mean annual precipitation of 136.6 cm (53.8 in) for
Titusville, but annual rainfall varies widely (low: 84.8 cm — high: 207.5 cm)
(Mailander, 1990). There is also seasonal variation in precipitation with a wet
season from May to October and the rest of the year relatively dry. January is
typically the coldest month with a mean minimum temperature of 9.6 C (49.2 F)
and a mean maximum temperature of 22.3 C (72.2 F). July is typically the
hottest month with a mean minimum temperature of 71.4 F (21.9 C) and a mean
maximum temperature of 33.3 C (91.9 F) (Mailander 1990).

1.3. Geology

Florida has a complex geologic history with repeated periods of deposition when
the Florida Plateau was submerged and erosion when the seas recessed
(Randazzo 1997, Scott 1997). The oldest formation known to occur beneath
Brevard County and KSC, the Avon Park limestone, was deposited in the early
Eocene in an open ocean (Cooke 1945). This was followed by a withdrawal of
the sea and a period of erosion. In the late Eocene, the seas advanced and
limestones of the Ocala group were deposited (Cooke 1945). Following another
period of recession of the sea and erosion of the land surface, the Hawthorn
formation of calcareous clay, phosphatic limestone, phosphorite, and radiolarian
clay was deposited in the late Miocene (Cooke 1945, Brown et al. 1962).
Overlying this are unconsolidated beds of fine sand, shells, clay, and calcareous
clay of late Miocene or Pliocene age (Brown et al. 1962). Surface strata in



Brevard County are primarily unconsolidated white to brown quartz sand
containing beds of sandy coquina of Pleistocene and Holocene age (Brown et al.
1962). See Figure 1.2.

In addition to the sequences of sediments of varying age, the surface of Florida is
marked by a series of terraces and former shorelines of varying ages. In Brevard
County, two terraces have been recognized, the Silver Bluff Terrace on Cape
Canaveral and Merritt Island and the Pamlico Terrace on the mainland (Healy
1975).

During the Pleistocene (ca. 1.6 million years before present [yr B.P.] to 13,000 yr
B.P.), repeated glaciation of the northern hemisphere produced fluctuations in

However, its history has been marked by erosion, overwash, and landward
migration rather than progradation; these processes continue today (Mehta and
Brooks 1973). Some areas of the barrier island south of Cape Canaveral have a
history of overwash, while others have been more stable (Bader and Parkinson

1990).

Merritt Island also formed as a prograding barrier island complex; the eastern
edge of Merritt Island at its contact with the Mosquito Lagoon and the Banana
River forms a relict cape aligned with False Cape (White 1958, 1970). Multiple
dune ridges apparently represent successive stages in this growth. Brooks
(1972) suggested that the geologic history of the Merritt Island-Cape Canaveral
barrier island was complex. The western portion of Merritt Island is substantially
older than the east (Brooks 1972, Clapp 1987). Erosion has reduced the western
side to a nearly level plain (Brown et al. 1962).



1.4. Soils

Soils differ through the interaction of several factors: climate, parent material,
topography, organisms, and time (Jenny 1941, 1980). The soils of KSC are
mapped in the soil surveys for Brevard County (Huckle et al. 1974) and Volusia
County (Baldwin et al. 1980), and the resulting soil pattern is complex. Numerous
soil series and land types are represented, and these include representatives of
many of the major soil groups (Schmalzer and Hinkle 1990). This is interesting
since Merritt Island is a relatively young landscape and one formed from coastal
plain deposits. Some differences in soil parent material do occur. In particular,
soils that formed in deposits over limestone, coquina, or other alkaline material
differ greatly in properties from those formed in sand. Textural differences in
parent material such as that between loam or clay material and sand also

influence soil properties.

The primary source of parent material for KSC soils are sands of mixed terrestrial
and biogenic origin. The terrestrial material originated from southern rivers
carrying sediments eroded from highly weathered Coastal Plain and Piedmont
soils; these sediments are quartzose with low feldspar content (Milliman 1972).
These sediments moved south through long-shore transport and may have been
reworked repeatedly. The biogenic carbonate fraction of the sand is primarily of
mollusk or barnacle origin with lesser contributions of coralline algae and
lithoclasts; some may be reworked from offshore deposits of coquina and oolitic
limestone (Milliman 1972).

The Cape Canaveral-Merritt island complex is not all of the same age, as
discussed earlier. Soils on Cape Canaveral, False Cape, and the barrier island
section on the east side of Mosquito Lagoon are younger than those of Merritt
island and therefore have had less time to weather. Well drained soil series
(e.g., Palm Beach, Canaveral) in these areas still retain shell fragments in the
upper layers, while those inland on Merritt Island (e.g., Paola, Pomelio) do not.
The presence of shell fragments influences soil nutrient levels, particularly
calcium and magnesium, and pH. The eastern and western sections of Merritt
island differ in age. The eastern section of Merritt Island inland to about State
Route 3 has a marked ridge-swale topography presumably retained from its
formation as a barrier island, while west of State Route 3, the island is flatter,
without obvious ridges and swales probably due to the greater age of this
topography.

Differences in age and parent material account for some soil differences, but on
landscapes of Merritt Island with similar age, topography has a dramatic eftect on
soil formation. Relatively small elevation changes cause dramatic differences in
the position of the water table that, in turn, affect leaching, accumulation of
organic matter, and formation of soil horizons. In addition, proximity to the lagoon
systems influences soil salinity.



1.5. Groundwater

The geologic structure and composition of the Merritt Island-Cape Canaveral
barrier island complex together with climatic conditions form the basis for the
hydrology of the system. Groundwater hydrology of KSC has been the subject of
several studies (e.g., Edward E. Clark Engineers-Scientists, Inc., 1985; 1987a; b;
c) [hereafter referenced as Clark]; the discussion that follows is based primarily
on the areawide survey (Clark, 1987c). See Schmalzer and Hinkle (1990) for
additional details.

The principal artesian aquifer beneath KSC is the Floridan aquifer, which occurs
within the Ocala limestones (Figure 1.3). Recharge areas for this aquifer are the
high ridges of central Florida. This is a large and productive aquifer; however, in
the coastal areas, as beneath KSC, the water is highly mineralized. This aquifer
is confined by the silts and clays of the Hawthorn formation in most places.
Secondary artesian aquifers occur within the Hawthorn formation and the
Caloosahatchee Marl Equivalent. The Hawthorn Limestone aquifer is associated
with thin, discontinuous beds of limestone, sandstone, and sand within the silts
and clays of the Hawthorn formation. It is recharged by upward leakage from the
Floridan aquifer. The Shallow Rock aquifer is associated with beds of partially
consolidated shelly quartz sand with silt and grey clay and some medium hard
limestone of the Tamiami formation or Caloosahatchee Marl Equivalent.

recharge of this aquifer, and it may act as a conduit for seawater intrusion. Both
the Shallow Rock and Sand and Shell Bed aquifers are confined by less
permeable sediments of the Caloosahatchee Marl Equivalent. The artesian
aquifers have little direct influence on surface vegetation; however, artesian wells
have been used to irrigate orange groves and previously to maintain water levels
in some mosquito impoundments on Merritt Island (Clark 1987c).

The Surficial aquifer occurs in the saturated part of the moderately permeable
Pleistocene and Holocene deposits of fine to medium sand, shell, coquina, silts,
and marl. Its upper boundary is the water table and the lower boundary is the
confining unit at the base of the Pleistocene and Holocene deposits. Recharge is
by direct infiltration of rainfall. The higher sand ridges in the center of the island
are particularly important for recharge. These ridges are relatively high, are
composed of permeable sands, and infiltration is less restricted by subsurface
hardpans than in other areas. Two important areas of sand ridges have been
distinguished: the Happy Creek Sand Ridges north of Banana Creek and the
Schwartz Road Sand Ridges south of Banana Creek. From these prime
recharge areas, groundwater flows east and west toward the lagoon systems and
the ocean. Discharge from the surface aquifer is from evapotranspiration,
seepage into canals and ditches, seepage into interior wetland swales, and
seepage into impoundments, lagoons, and the ocean. Most of the seepage into



interior wetland swales is subsequently lost to evapotranspiration. Seasonal
fluctations in the water table occur with changes in precipitation and
evapotranspiration. The water table is highest late in the wet season (typically
September-October) and drops as precipitation declines. In the winter,
evapotranspiration is low as temperatures decline and some of the vegetation is
dormant. In spring, evapotranspiration increases and the water table may decline
during spring droughts. See Mailander (1990) for further discussion of
precipitation and evapotranspiration patterns. The Surficial aquifer is extremely
important since it supports the freshwater wetlands and provides fresh
groundwater discharge to the surrounding subsaline lagoons (Clark 1987¢).

The Surficial aquifer can be divided into several subsystems (Figure 1.4). The
Dune (Barrier Island) subsystem has a lens of freshwater less than 3m (10 1)
thick on top of intruded saline water. The primary dune acts as the prime
recharge area. Shallow groundwater flows east of the ridge to the Atlantic Ocean
and west to Banana River, Mosquito Lagoon, or swales; at depth (> 6.1 m [20 ft])
flow is to the Atlantic Ocean. The Dune-Swale subsystem includes the high
ridges with permeable sand that favor recharge. This is the only area where the
freshwater recharge of the deeper layers of the surficial aquifer occurs. During
most of the year, shaliow groundwater discharges to the swales. At the
beginning of the rainy season after the spring drought, swales collect water and
remain flooded; lateral and downward seepage from the swales helps to
recharge the groundwater. In areas of pine flatwoods and swales, topography is
lower and most soils have well-developed humic hardpans (spodic horizon, Bh
layer) that restrict infiltration. During heavy rains, water perches above the
hardpan and infiltrates slowly into the Surficial aquifer. This increases
evapotranspiration and reduces recharge relative to the prime recharge areas. In
the West Plain and Marsh (Lowland) subsystems, the water table is typically
within 0.9 m (3 ft) of the land surface, evapotranspiration losses aré high, and the
dispersed saline water interface renders water quality variable. In the West Plain
south of Banana Creek, a limerock vhardpan® replaces the humic hardpan of the
Dune-Swale flatwoods. Along the coastlines, the Surficial aquifer contacts the
saline water of the Atlantic Ocean and the brackish lagoons. Seawater intrusion
occurs as a wedge at the base of the Surficial aquifer since seawater is denser
than fresh. The position of the fresh-saline water interface fluctuates; when water
levels are low saline water moves inland, and when water levels are high saline
water is forced out, producing a dynamic system.

1.6. Surface Water

Kennedy Space Center is surrounded by the Indian River Lagoon System that
extends along the East Coast of Florida from Ponce de Leon Inlet to St. Lucie
inlet near Stuart, Florida. This System was formed by changing sea levels, and
its prominent features are the southern barrier islands, the Cape Canaveral
foreland formation, the western mainiand ridges, and the valleys and sloughs

between the ridges (Head 1981).



This area is very biologically diverse as it includes the temperate Carolinian and
the subtropical Caribbean Zoogeographic Provinces. KSC is located in the
transition zone between these two Provinces and is bordered by Mosquito

depths averaging 1.5 m and maximums of 9 m generally restricted to dredged
basins and channels.

Mosquito Lagoon and the Indian River are connected by Haulover Canal and the
Intercoastal Waterway. Water fiow between these two systems is primarily wind-
driven. Because of the various anthoropogenic modifications related to the

the Banana River was blocked in the earlier 1960s.

The Indian and Banana Rivers mix in the southern region near Eay Gallie, and
through a man-made canal located just south of KSC. This navigation canal

northern-most Banana River is inside KSC property and closed to motorized boat
traffic. It is part of the Merritt Isiand National Wildlife Refuge and its water quality
is one of the best in the Indian River Lagoon System (Woodward-Clyde
Consultants 1994). The region of the Banana River north of the NASA

fluctuation occurs, and the water movement in this location is influenced primarily
by wind and evaporation.

The major fresh-water body within KSC property is Banana Creek, which drains
the numerous estuaries adjacent to the Space Shuttle launch pads via a canal
located northwest of the Vehicle Assembly Building to the Indian River. Salinity

Haulover Canal, stabilization of inlets, construction of causeways, land filling,
agricultural development, diking, impoundment for mosquito control, and
modifications primarily related to the space program.

These modifications led to the fragmentation of the native landscape that
inherently changed sediment quality and characteristics. Because sediments are
important for organic decomposition in both freshwater and marine systems



(Hargrave 1973, Nixon 1981), these landscape modifications inevitably affected
sediment ecology surrounding KSC.

Within KSC property, the construction of roads, causeways, buildings,
launchpads, and the Space Shuttle runway required additional soil. This land
filling led to the formation of several burrow pits and relatively deep basins in the
Banana River. The Banana River bottom topography was also modified to
accomodate the Intercoastal Waterway and to create a navigable channel to
access the Vehicle Assembly Building.

Numerous alteration to the marsh communities occurred in the late 1950 earlier
1960, the most prevalent being impoundment and diking as a control method for
mosquitoes (Rey and Kain 1989). Most of them created numerous shallow pond-
like features along the margins of the Indian River Lagoon System. These
impoundments usually have a mucky substrate that is not directly exported to the
lagoon.

Approximately 90% of the IRL bottom area is believed to be flat, exposed
substrate, and consist primarily of sand and shell fragments (Gilmore 1977). A
thin layer of silt often overlays the bottom in the more open portions of the
estuary while a surficial layer of organic detrital material is usually present in
portions adjacent to shore areas (Woodward-Clyde Consultants 1994).
However, fine-grained, organic-rich mucky sediment occurs in about 10% of the
Lagoon in deposits ranging up to more than 6 feet thick. These tend to be found
in the mounths of tributary creeks, sheitered areas near harbors and causeways,
and in the deeper parts of the Intercoastal Waterway (Woodward-Clyde
Consultants 1994). These muck deposits tend to have high oxygen demand,
particle-reactive metals and, synthetic organic compunds (Schropp et al. 1990).

1.8. Human History

Humans have occupied central Florida for thousands of years and interacted with
the environment (Davison and Bratton 1986, Bense 1994). Activities that would
effect background chemical composition of soil, groundwater, surface water, and
sediment are relatively recent. Euro-American settlement in the 19" and early
20t centuries included logging, citrus agriculture, and free-range grazing of cattle
(Davison and Bratton 1986). Use of chemical fertilizers and pesticides
developed over time in agriculture, particularly citrus.

Organized efforts at mosquito control in the northern Indian River Lagoon (IRL)
began in the 1940s and intensified after World War |l (Provost 1959, 1977).
Massive quantities of DDT were applied between 1946 and 1951; other
insecticides were then adopted, because salt marsh mosquitos had become
resistant to DDT. There was no documentation of the effects of insecticide
applications on marsh ecosystems. Effects on non-target insects, arthropods,
and birds must have been substantial (Sykes 1980). The population of the
Dusky Seaside Sparrow (Ammodramus maritimus nigrescens) on Merritt Island
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was estimated to have declined by 70% by 1957 due to aerial spraying of
insecticides (Nicholson in Trost, 1968). DDT Metabolites and other

by maintaining flooded conditions in the irregularly flooded marshes that were
primary breeding areas (Provost 1959, Clements and Rogers 1964). This was
achieved by building perimeter dikes around salt marshes and flooding the marsh
by either trapping rain water ang runoff, Pumping water from the lagoon, or
tapping artesian wellg (Provost 1959). Although flooding was necessary only in
the mosquito breeding Season, continuous flooding was common early in the use

current regulatory risk-based Screening values. These Screening values include
values for human heaith (residential and industrial) and ecological scenarios.
CCAFS developed the Baseline Data Development Program (BDDP) in 1996 to
develop background numbers which would be used in assisting the clean up of
their remediation sites (O’Brien and Gere Engineers, inc. 1996). At that time,
KSC adopted those numbers. Due to the differences in the landscape (age,
vegetation types, etc. discussed Previously), KSC needed to develop baseline



(background) numbers specific to KSC. The purpose of this study was to
develop the baseline (background) values specific to KSC.

When the subject of remediating a site is reached in the investigation process,
the current screening values may be extremely conservative and may actually
represent values that are lower than naturally exist within the landscape. In this
study, areas of the landscape with little direct impact by industrial or launch
operations were sampled. Sample locations were chosen away from known
Solid Waste Management Units (SWMU). It should be noted that some soil,
surface water, and sediment samples were collected within the industrial areas of
KSC. Soil samples were collected as part of the disturbed soil class. Surface
water and sediment samples were collected within the industrial area as
requested by remediation team members to reflect background concentrations as
part of the stormwater drainage systems as well as daily activities occurring on
KSC. No sample was collected from any obvious release location. Potential
impacts of site operations on these samples may include contamination by
vehicles to include parking lot run-off and stormwater drainage. The data
developed during this effort will be used to assist with clean up of remediation
sites on KSC. The goal is to use the data as a screening tool, i.e. contaminant
concentrations that exceeded risk-based screening values but are below
background numbers would not force clean up at a given site.



== BOUNDARY OF
J. F. KENNEDY SPACE CENTER
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Figure 1.1. Location of Kennedy Space Center.
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Figure 1.3. Geohydrological units on Kennedy Space Center (redrafted from
Clark 1987c¢).
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SECTION 2
Soil

2.1 Methods

2.1.1 Site selection

Numerous soil series occur on Kennedy Space Center (Huckle et al. 1974,
Baldwin et al. 1980, Schmalzer and Hinkle 1990); 58 series Or land types occur
(Table 2.1). Chemical and physical characteristics of these soils vary (Madsen
1980, Schmalzer and Hinkle 1987, 1992a, 1992b). Sampling all these soil types
adequately was impossible. Therefore, it was necessary to group soil series into
similar classes before sampling.

We divided soils first into four groups: Upland, Wetland, Agricultural, and
Disturbed. Upland soils aré not flooded for substantial periods, while Wetland
soils have standing water for substantial periods. Flooding affects organic matter
accumulation, oxidation-reduction conditions, and other chemical properties of
soils (Ponnamperuma 1972). We divided Upland soils into well-drained and
poorly drained categories. Poorly drained soils accumulate more organic matter,
which forms the cation exchange capacity in these soils retaining nutrients and
metals (Schmalzer and Hinkle 1987, 1992b, 1996). We divided well-drained,
upland soils into three classes: 1) geologically recent, alkaline, sandy soils of
coastal dunes where the vegetation is coastal dunes, coastal strand, or coastal
scrub: 2) old, inland, leached, acid, sandy soils where the vegetation is oak-saw
palmetto scrub or scrubby flatwoods; and 3) inland, circumneutral soils formed
over coguina where the vegetation is oak-saw paimetto scrub or xeric hammock.
We divided poorly-drained, upland soils into two classes: 1) acid, sandy soils with
flatwoods vegetation; and 2) circumneutral to alkaline soils formed over coquina
or limestone where the vegetation is mesic hammock (Table 2.1 ).

The primary division of wetland soils was between: 1) inland, freshwater
wetlands where the vegetation was freshwater marshes or hardwood swamps;
and 2) coastal, brackish to saline wetlands where the vegetation was salt
marshes or mangroves (Table 2.1).

Agricultural soils were of two types: 1) active or abandoned citrus on scrub soils;
and 2) active ofr abandoned citrus on hammock soils (Table 2.1).

Disturbed soils included various types modified by construction (Table 2.1). This
group could be heterogeneous, but there was no apparent division into
homogeneous subgroups.

This classification resulted in ten groups. We selected twenty sample locations
in each for a total of 200 locations. Sample number per group was determined
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based on variation in soil chemistry found in previous studies (Schmalzer and
Hinkle 1992a, 1992b).

A Trimble Pathfinder Professional XL Geographic Positioning System (GPS) unit
was used to collect soil sampling locations using real-time differentially-corrected
methods (Trimble Navigation Limited 1994). Locations were exported to North
American Datum 1927 (NAD27) State Plane coordinates for overlay in a
Geographic Information System (GIS).

2.1.2 Sampling

Soil sampling was conducted at 200 locations (Figure 2.1). A 0-1ft (0-30.8 cm)
layer composite sample was collected with a stainless steel scoop and bowl and
placed in the appropriate containers for analysis. Preservatives for each analysis
were used, as appropriate. Samples for bulk density were collected using a
stainless steel ring, which was hammered into the ground. The bulk density-
sampling ring was carefully collected to keep as much volume as possible inside
the ring and was then placed in a plastic bag for analysis. Latex gloves were
worn during sample collection and replaced for each sample collected. Proper
decontamination procedures were conducted after each sample was collected.
Environmental Conservation Laboratories (ENCO) was subcontracted for sample
collection and analysis. ENCO followed sampling methods required by the
“NASA/KSC Sampling and Analysis Plan for RCRA Facility Investigations at
Kennedy Space Center, Florida and Cape Canaveral Air Station, Florida, Volume
4” of the Generic Work Plans (SAP) (NASA 1996). Quality assurance/quality
control samples were collected as required by the SAP.

2.1.3 Chemical Analysis

Table 2.2 lists the analyses that were conducted on each soil sample:
organochlorine pesticides (EPA method 8081), aroclors (EPA method 8082),
chlorinated herbicides (EPA method 8151), and polycyclic aromatic
hydrocarbons (PAH) (EPA method 8310) were analyzed. Methods for
organochlorine pesticides, aroclors, and chlorinated herbicides use gas
chromatography (USEPA, 1996). Polycyclic aromatic hydrocarbons were
analyzed by high-pressure liquid chromatography (USEPA 1996). Metals were
analyzed using one of the following EPA method numbers appropriate for the
specific metal: 200.7, 204.2, 6010, 7210, 7471, 7520, 7610, 7770, or 7950 (Table
2). Methods 200.7 (aluminum [Al]) and 6010 (arsenic [As], barium [Ba], beryllium
[Be], cadmium [Cd], calcium [Ca], chromium [Cr], cobalt [Co], copper [Cul}, iron
[Fe], lead [Pb], magnesium [Mg], manganese [Mn], nickel [Ni], potassium [K],
selenium [Se], silver [Ag], thallium [Tl], vanadium [V], and zinc [Zn] use
inductively coupled plasma-atomic emission spectrometry (USEPA 1983, 1996).

Methods 7210 (Cu), 7520 (Ni), 7610 (K), 7770 (sodium [Na]), 7950 (Zn) use
atomic absorption, direct aspiration techniques (USEPA 1996). Method 204.2
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(antimony [Sb]) uses an atomic absorption, furnace technique (USEPA 1983).
Mercury (Hg) was analyzed using method 7471, a cold-vapor, atomic absorption
technique (USEPA 1996).

Soil samples were also analyzed for cation exchange capacity (CEC) using EPA
method 9081 (USEPA 1996); this technique is based on Chapman (1965). Soil
pH was determined on a 1:1 soil/water slurry by electrode using EPA method
9045 (USEPA 1996). Total organic carbon was determined by wet combustion
(Nelson and Sommers 1982). Total percent solids was determined by drying to
constant weight at 103-105 C [Standard Methods for the Examination of Water
and Wastewate, 2540G(Clercerl et al. 1998)]. Bulk density was determined by
the core method (Blake 1965). Soil texture was determined by sieving through a
series of standard sieves (Day 1965, McLane 1995). Resitivity of a soil water
extract was measured using a M.C. Miller Company Soil Box; resistivity is the
reciprocal of conductivity (Bower and Wilcox 1965), which is often reported.

The documents “Test Methods for Evaluating Solid Waste” SW-846, (USEPA
1996) and “Standard Methods for the Examination of Water and Wastewater”
(Clercerl et al. 1998) were used by ENCO for analysis protocols.

ENCO posses a Florida Department of Environmental Protection (FDEP)
approved Comprehensive Quality Assurance Plan No. 960038. A data validation
report was completed, see Appendix G.

2.1.4 Data Analysis

Data analyses was conducted using SPSS Version 9 (SPSS inc., 1999) using

the following approach.

» Frequency of parameters occurring above the detection limits were
determined. Where most of the data are below detection, intensive data
analyses cannot be justified.

¢ Box plots were used to scan for obvious outliers in the data. Outliers could
arise from a contaminated sample or local, anomolous site conditions.
Inclusion of outliers can skew the mean and standard deviation of a
parameter.

* Tests for normality of distributions were done using normality plots and
Koimogorov-Smirnov statistics with Lilliefors significance levels. Normality of
distribution determines whether parametric or nonparametric analyses should
be used or whether transformations are required.

» Kruskal-Wallis nonparametric analog of one-way analysis of variance was
used to test whether parameters differed among soil classes. Where the
sample size of data above detection was sufficient, one-way analysis of
variance (ANOVA) of transformed data (logso) followed by Games-Howell post
hoc tests was used to determined how parameters differed among soil
classes. Games-Howell tests do not assume equal variances (Ray and
Quinn 1989). These tests determine whether soil classes were the same for
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a given parameter and the patterns of variation if differences were significant.
If soil classes are not the same, then the use of a single mean (or screening
value) to represent all soils may not be appropriate.

The occurrence of data below detection levels is a complication for data analysis
and interpretation. Various approaches can be taken (e.g., Breckenridge and
Crockett 1995); here one-half the detection level was substituted for values
below detection (USEPA 1998). No summary statistics are reported where all
values are below detection.

For screening purposes, data are given as twice the mean (USEPA 1998). The
KSC Background Screening table for soil is located in Appendix A, Table A-1.

2.2 Results
2.2.1 Soil Distribution

Soil classes were distributed across the landscape in patterns related to
topography, geology, landscape age, and human influences (Figure 2.2). Soil
classes differ in extent (Table 2.3). Flatwoods, saltwater wetlands, and
freshwater wetlands soils were the largest classes.

Sample sites were distributed within these types (Figure 2.1). See Appendix B,
Table B-1 for sample site descriptions and Table B-2 for sample site coordinates.

2.2.2 Soil Chemistry

Sixteen organochlorine pesticides, all (six) aroclors, fifteen chlorinated
herbicides, one polycyclic aromatic hydrocarbon, and four metals were below
detection in all samples (Table 2.4). Frequencies of organochlorine pesticides
above detection limits in all soils were low (Table 2.5); however, frequencies
were higher in agricuitural (citrus scrub, citrus hammock), disturbed, and
saltwater wetland soil classes. Frequencies of chlorinated herbicides above
detection limits were low (Table 2.5); frequencies were slightly higher in
agricultural (citrus scrub, citrus hammock), disturbed, and saltwater wetland soil
classes. PAHs were above detection limits in relatively few soil samples (Table
2.5); frequencies were greater in agricultural (citrus scrub, citrus hammock) and
disturbed soil classes. However, PAH values above detection occurred in other
soil classes. Among the metals, barium, cadmium, selenium, silver, and thallium
occurred in few samples above detection limits (Table 2.5). Arsenic, copper, and
mercury were above detection limits with an intermediate frequency, while the
other metals were frequently above detection limits (Table 2.5).

The Remediation team decided to treat five organochlorine pesticides as below
detection in all samples based on their low frequency of detection (Table 2.6).
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There was considerable variation among many soil parameters indicated in box
plots and other exploratory analyses. We considered only one metal value to be
an outlier. One value of arsenic was 140 mg/kg, while the next highest value
was 8.5 mg/kg. This value was deleted from further analyses.

Preliminary analysis of total organic carbon (TOC) data indicated that most
values (186/220, 84.5%) were reported as >26,700 ppm (2.67%). These data
provide little useful information on differences among KSC soils and were not
analyzed further.

Preliminary analysis of cation exchange capacity (CEC) data indicated a bimodal
distribution with most of the data <80 meq/100g and a second group between
500-1000 meq/100g. Mineral soils have CEC values typically <80 meq/100g;
highly organic soils might have CEC = 180 meq/100g (Brady 1974). The 18 high
values cannot be valid for KSC soils and were excluded from further analyses.

KSC Background Screening values for soil are given in Appendix A, Table A-1.
Summary data are given in Table 2.7. Detailed summary statistics are given in
Appendix B, Tables B-3 through B-13.

All soil parameters had distributions that differed from normality (Kolmogorov-
Smirnov test, p < 0.001). Transformed values (logio) of Al, As, Ca, Cr, Cu, Fe,
Hg, K, Mg, Mn, Na, V, and Zn still differed from normality (p < 0.05); however,
normality plots showed that the distributions were much improved such that
analysis of variance could be conducted. One-way ANOVA is robust to modest
departures from normality (Ray and Quinn 1989).

Normality of distribution of resistivity and CEC was improved by transformation
(logso); however, normality plots indicated that bulk density was closer to
normality than transformed values. Therefore, ANOVA was conducted on
transformed values of resistivity and CEC but on untransformed bulk density
data. pH is expressed on a log scale and was not transformed further.

Kruskal-Wallis tests indicated that all soil parameters differed among soil classes
(p< 0.001). However, given the low frequency of detection of organics and some
metals, ANOVA was conducted only for metals where >25 % of values were
above detection and for pH, bulk density, resistivity, and CEC. All metals
analyzed (Al, As, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, K, Na, V, Zn) were significantly
different among types (p < 0.001) (Table 2.8). Variances were not homogeneous
except for Zn (Levene test, p<0.05); thus, the Games-Howell test was
appropriate for examining multiple comparisons (Table 2.8).

Patterns of differences varied among metals (Table 2.8). Aluminum had low
values in flatwoods, acid scrub, and coastal soils and higher values in other
types. Arsenic had higher values in coastal and saltwater wetland soils and
lower values elsewhere. Calcium was high in coastal and disturbed soils, low in
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acid scrub and flatwoods, and intermediate in other types. Chromium, copper,
manganese, and zinc had higher values in citrus scrub and citrus hammock soils
and lower values elsewhere. Iron was low in acid scrub and flatwoods soils and
higher in other types. Lead values were low in acid scrub, coastal, and flatwoods
soils, high in saltwater wetlands, and intermediate in other types. Magnesium,
potassium, and sodium levels were lowest in acid scrub and highest in saltwater
wetlands. Mercury was low in acid scrub and coastal soils and high in
hammocks and freshwater wetlands. Vanadium was low in acid scrub and
flatwoods, high in saltwater wetlands, and intermediate in other types.

Soil pH was highest in coastal soils and lowest in flatwoods (Table 2.9). CEC
was low in coastal, acid scrub, and coquina scrub soils and high in freshwater
wetlands and hammocks.

2.2.3 Soil Physical Parameters

Bulk density was low in flatwoods, hammock, freshwater wetland, and saltwater
wetland soils and higher in the other types (Table 2.9). Resistivity was low in
saltwater wetland soils.

Texture

The graphic mean grain size of each soil type was calculated according to the
method defined by Folk and Ward (1957). This method involves the use of grain
size frequency data obtained from sieve analysis. Grain size in mm is converted
to phi units (¢) using the equation ¢ = -log. mm. (This conversion creates a
logarithmic scale and allows a wide range of grain sizes to be graphically
displayed on a smaller scale.) In order to obtain the graphic mean, cumulative
percentage of grain size is plotted on a probability y-axis and phi size is plotted
against the x-axis. (see Figure 2.3) The phi size of the 16, 50, and 84
percentage is marked and used in the following equation:

16 ¢ +50 & +84 & = mean grain size in ¢ (Folk and Ward 1957)
3

Phi size can then be converted to millimeters and assigned to the appropriate
size class in the Wentworth (1922) ratio scale preferred by most
sedimentologists. Each sand grain size class in the Wentworth scale is one half
the size of the next largest class in the scale. Therefore, the divisions are
consecutive whole numbers on the phi scale. (The division between coarse sand
and medium sand is 1 ¢; the division between medium sand and fine sand is 2 ¢,
etc.).
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2.3 Discussion

2.3.1 Soil Distribution

Soil classes vary substantially in their extent across the KSC landscape.
Flatwoods and wetlands predominate, reflecting the low, poorly drained
topography of KSC. Current or past citrus agriculture has affected about 3% of
the soil area and disturbed soils constitute about another 3.6%.

The differing extent of soil classes affects the interpretation of quantitative soil
data. In this study, each class was sampled equally. Therefore, the mean of a
given soil parameter will not be the same as an area-weighted mean.

2.3.2 Soil Chemistry

Organochlorine Pesticides.

Organochlorine pesticides have no natural sources and their presence in the
environment comes from past human use. Due to their persistence in the
environment, tendency to bioaccumulate, and deleterious effects on non-target
species, their use in the U.S. has been discontinued. However, residual amounts
persist from their former use (Kuhnt 1995, Kolpin et al. 1998). In KSC soils, DDT
and its degradation products (DDD and DDE) and Dieldrin are most common in
occurrence. DDT, DDD, DDE, and Dieldrin are among the most persistent
organochlorine pesticides in the environment (Kuhnt 1995).

On KSC, these pesticides were detected most often in the agricultural types
(citrus scrub and citrus hammock), saltwater wetlands, and disturbed areas.
Application of DDT and other organochorine pesticides for mosquito control was
common in the 1940s and 1950s (Provost 1959, 1977). Saltwater wetlands
received high levels of pesticide application. High levels of organic matter
enhance retention and persistence of these pesticides (Senesi and Chen 1989)
and may enhance persistence in these marshes. Organochlorine pesticides
were probably used in citrus agriculture during this period (1940s - 1950s) and
perhaps into the 1970s when their widespread use was curtailed.

Parkinson et al. (1993) found DDE, Dieldrin, or Lindane in soils of 16 (out of 18)
mosquito control impoundments in St. Lucie County where DDT, Lindane,
Dieldrin, and Chlordane had been applied for mosquito control in the 1940s and
1950s (see also Wang et al. 1992). Minimum detectable concentrations in that
study were DDE - 0.24 ug/kg, Dieldrin - 0.32 ug/kg, and Lindane - 0.18 pg/kg.
Detection limits in the current study were higher by a factor of ten (Table 2.2).
Lower detection limits often increase frequency of detection (Kolpin et al. 1995).

Chlorinated Herbicides

The chlorinated herbicides surveyed belong to several different chemical classes;
however, the only ones above detection limits (Silvex, 2,4-D, 2,4-DB) are all
chlorinated phenoxy acids (Ashton and Craft 1981 ). Chlorinated herbicides are
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less persistent in the environment than the organochlorine pesticides (Kuhnt
1995); however, they can persist long enough to move from the soil into the
groundwater in some areas (Kolpin et al. 1995, Barbash and Resek 1996).

The low frequency of detection indicates that contamination by chlorinated
herbicides has not been widespread in the KSC environment.

Polycyclic Aromatic Hydrocarbons

Polycyclic (or polynuclear) aromatic hydrocarbons (PAH) are a class of
compounds containing two or more fused benzene rings that are of both natural
and anthropogenic origin (Suess 1976). They include many mutagenic and
some carcinogenic compounds. Natural sources include synthesis by
microorganisms, phytoplankton, algae, and higher plants, wildfires, volcanic
activity, and sediment diagenesis (Suess 1976, Wickstrom and Tolonen 1987).
PAH are produced by a variety of industrial combustion processes including
heating and power generation, internal combustion engines, coke production in
the iron and steel industry, catalytic cracking in the petroleum industry, and
refuse incineration (Suess 1976). Coal tar, carbon black, asphalt, and creosote
contain high concentrations of PAH (Suess 1976).

Biomass burning, including wildfires and prescribed burning, produces PAH
(Standley and Simoneit 1987, Balletine et al. 1996, Simoneit et al. 1996).
Different conditions of fuels, combustion conditions, temperature, and oxygen
levels produce different suites of PAH (Standley and Simoneit 1987, Balletine et
al. 1996). Generation of PAH is greater during active combustion than
smoldering combustion (Standley and Simoneit 1987). Levels of individual PAHs
in smoke from wildland fires can be 10-1000 times greater than ambient rural
conditions but still 10-1000 times less than urban atmospheres (Standley and
Simoneit 1987).

In the atmosphere, PAH are adsorbed on aerosols. They are removed from the
atmosphere by photochemical oxidation and by thermal reactions occurring in
darkness (Suess 1976, Behymer and Hites 1985, Masclet et al. 1986). Wetand
dry deposition transport PAH to soil and water surfaces (Suess 1976). Regional
deposition occurs distant from point sources (Jones et al. 1989c).

PAH deposited to soil surfaces are additions to those produced from decayed
plants and the activity of soil bacteria (Suess 1976). In soils, PAH are
thermodynamically stable, have low aqueous solubilities, and adsorb to soil
particles; these properties allow long-term persistence (Pothuluri and Ceniglia
1998). Microorganisms including bacteria, fungi, cyanobacteria, and green algae
can degrade PAH (Pothuluri and Ceniglia 1998). Compounds with four or more
fused rings degrade slowly, but lower molecular weight, more water soluble
compounds such as naphthalene are more readily biodegraded (Pothuluri and
Ceniglia 1998).
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Increased combustion of fossil fuels since the middle of the 19" century has
caused increases in PAH levels in soil (Jones et al. 1989b, ¢) and sediments
(Wickstrom and Tolonen 1987) distant from local sources. PAH levels in soils
tend to decline along a gradient away from urban areas or point sources (Vogt et
al. 1987, Jones et al. 1989d). Soils high in organic matter in rural areas have
higher PAH levels than mineral soils in the same region (Vogt et al. 1987, Jones
et al. 1989d). Not all PAHs follow the same pattern; Vogt et al. (1987) found
naphthalene levels the same near and distant from point sources of PAH
contamination suggesting either that it was primarily of natural origin or degraded
quickly enough not to accumulate. In industrialized areas, levels of PAH in the
soil can become quite high; Bodzek et al. ( 1998) reported ZPAH > 4000 ng/kg in
an industrial region of Poland. Even in a semi-rural area of England TPAH =
1000 pg/kg have been reported (Jones et al. 1989Db).

Metals

Metal concentrations in KSC soils reflect both the origins of the soils and
subsequent changes from weathering and leaching. Sands of coastal dunes are
mixtures of terrigenous and biogenic deposits. The terrigenous deposits are
primarily quartz with small amounts of feldspar, heavy minerals, and phosphorite,
while the biogenic deposits are carbonates, primarily shell material (Field and
Duane 1974). The terrigenous, siliciclastic deposits originated from rivers
draining the Appalachians and Piedmont that moved south from longshore drift:
however, they have been reworked repeatedly from older Quaternary sediments
(Davis 1997, Scott 1997). Florida soils have low concentrations of many
elements (Shacklette and Boerngen 1984).

Metals: Macronutrients

Six elements are required by plants in relatively large amounts and are termed
macronutrients: nitrogen, phosphorus, potassium, calcium, magnesium, and
sulfur (Brady 1974). Of these, Ca, Mg, and K are considered here.

Calcium. Ca comprises about 3.6 % of the earth’s crust; however, Ca is mobile
in the soil and readily leached (Paton et al. 1995). Calcium carbonate shell
material is the initial source for most of the Ca in these soils. Thus, the young,
coastal dune soils have the highest Ca levels (Tables 2.7, 2.8). Disturbed soils
often include dredged material high in shell material accounting for their high
levels. Soils associated with coquina (coquina scrub, hammocks) also have
relatively high Ca levels. Those soils most thoroughly leached, acid scrub and
flatwoods, have the lowest Ca levels (Tables 2.7, 2.8). Cais abundant in
seawater (Mitsch and Gosselink 1986) explaining the relatively high levels in
saltwater wetland soils. Ca, an important structural element in plants, is involved.
in some enzyme systems, and is important to osmoregulation (Marschner 1986).

Magnesium. Mg makes up about 2.1 % of the earth’s crust (Paton et al. 1995)
and is abundant in seawater (Mitsch and Gosselink 1986). The highest levels of
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Mg were in saltwater marshes reflecting the seawater source (Tables 2.7, 2.8).
Magnesium carbonate shell material is another source for Mg in these soils. Mg
is mobile in the soil and readily leached. The highly leached, acid scrub soils
have the lowest Mg levels (Tables 2.7, 2.8). In plants, Mg is required for
photosynthesis, protein synthesis, and many enzyme systems (Marschner 1986).

Potassium. K comprises about 2.6 % of the earth’s crust (Paton et al. 1995) and
is abundant in seawater (Mitsch and Gosselink 1986). The highest levels were in
saltwater marshes, reflecting the seawater source (Tables 2.7, 2.8). Kis highly
mobile and readily leached. In plants, K is required for osmotic regulation,
enzyme activation, membrane transport, and other physiological processes
(Marschner 1986).

Metals: Trace Elements

Aluminum. Al is one of the main constituents of the earth’s crust (Kabata-
Pendias and Pendias 1984). Alumino-silicate clays are produced by weathering
and are a major constituent of many soils (Brady 1974, Birkeland 1999).
Although the clay fraction of KSC soils is small (Huckle et al. 1974, Baldwin et al.
1980), Al is present throughout. The lowest levels of total Al in KSC soils were in
flatwoods and acid scrub (Tables 2.7, 2.8) perhaps due to intense weathering
(Birkeland 1999). Low levels of Alin coastal soils may reflect low amounts in the
original sediments. KSC soils are low in Al relative to other Florida soils
(Shacklette and Boerngen 1984, Table 2.1 1). Availability of Al in soil is pH
dependent, with its mobility increasing below a pH of 5.5 (Brady 1974). Al
toxicity to crop plants is a problem in acid soils; however, low levels of Al may be
beneficial for some species and genotypes (Marschner 1986).

Antimony. The crustal abundance of Sb is low (Kabata-Pendias and Pendias
1984) as are its levels in sandy soils (Table 2.12) and in Florida soils (Table
2.11); it is usually associated with sulfides in rocks, sediments, and soils
(McBride 1994). Sb is not essential to plant growth but is taken up by plants if
present in a soluble form; plant toxicity from Sb appears uncommon (Kabata-
Pendias and Pendias 1984). Sources of Sb contamination include industrial
poliution and coal combustion. Sb was never above detection limits in KSC soils
(Table 2.4) reflecting low background levels and no widespread contamination.

Arsenic. As is widely distributed in rock types (Kabata-Pendias and Pendias
1984). The range of background concentrations in soils is fairly wide (Table
2.12). Levels in KSC soils (Table 2.7) are toward the low end of the range of As
values for sandy soils but within typical Florida values (Table 2.11). Valuesin
coastal and saltwater wetland soils are higher than the other types (Table 2.7,
2.8). As is associated with organic matter in soil (Kabata-Pendias and Pendias
1984) which may explain the higher values in saltwater wetlands. Significant
contamination sources include industrial pollution, coal combustion, mining and
metal processing, arsenic pesticides, and wood preservatives (Kabata-Pendias
and Pendias 1984, Evangelou 1988); As also occurs in some phosphate
fertilizers (Kabata-Pendias and Pendias 1984). As was once used in livestock
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dips to control ticks, and this resulted in local contamination (Upchurch and
Randazzo 1997). As is not essential to plants and little is known of its
biochemical role, but plants take it up. It can be phytotoxic, but some plants
accumulate large amounts with no apparent harm.

Barium. Ba is frequently present in soils at varying levels (Table 2.12); Florida
soils are typically toward the low end of this range (Table 2.11). In rocks it is
associated with feldspars and mica (McBride 1994). Itis commonly reported in
plants, but has no known function; there are only a few reports of toxicity
(Kabata-Pendias and Pendias 1984). Bais present in sewage sludge, fossil fuel,
and peat (Kabata-Pendias and Pendias 1984, Evangelou 1988). Ba was above
detection limits in only a few KSC soils (Table 2.5), reflecting low background
levels and no widespread contamination.

Beryllium. Be is widely distributed but in low concentrations in rock types and
soils (Kabata-Pendias and Pendias 1984, Table 2.12). Sources of Be
contamination include smelters and coal combustion. Be has no clear
physiological function in plants and is toxic in solution to plants (Kabata-Pendias
and Pendias 1984). Be was never above detection limits in KSC soils (Table
2.4), reflecting low background levels and no widespread contamination.

Cadmium. Cd tends to be concentrated in clay and shale deposits (Kabata-
Pendias and Pendias 1984), and it is associated with zinc in sulfide minerals
(McBride 1994). Typical background values of Cd in soil are < 0.5 ppm (Kabata-
Pendias and Pendias 1984, Table 2.12). Mining, smelting, phosphate fertilizers,
automobile tires, fossil fuels, and sewage sludge are primary sources of Cd:
atmospheric inputs exceed losses of Cd in many areas (Kabata-Pendias and
Pendias 1984, Stevenson 1986, McBride 1894). Cd is not an essential plant
nutrient but is taken up by plants and becomes phytotoxic at elevated levels. Cd
was above detection limits in only a few soil samples on KSC (Table 2.5),
reflecting low background levels and no widespread contamination.

Chromium. Cr occurs in a variety of rock types but is most abundant in
serpentine (Kabata-Pendias and Pendias 1984); Cr has generally low values in
sandy soils (Table 2.12) and in Florida soils (Table 2.11). Most KSC soils have
low to very low values of Cr (Table 2.7, 2.8). Cr values in agricultural types
(citrus scrub, citrus hammock) are higher; Cr occurs in phosphate fertilizers, and
this may account for its greater values in agricultural soils here. Sources of Cr
contamination include industrial wastes, mining and metal processing, wood
preservatives, and sewage sludge (Kabata-Pendias and Pendias 1984,
Evangelou 1988). Most Cr in soil is not readily available to plants. Cr has no
established role in plant nutrition, and soluble Cr®* is toxic to plants (Kabata-
Pendias and Pendias 1984). However, Cr is an essential micronutrient for man
and animals.
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Cobalt. Co is most abundant in ultramafic rocks such as serpentine (Kabata-
Pendias and Pendias 1984). Co levels in sandy soils are typically low (Table
2.12). Co levels in soils of the Atlantic Coastal Plain (Kabata-Pendias and
Pendias 1984) and in Florida (Table 2.11) are particularly low. Co is an essential
mineral element for ruminants and is required by nitrogen-fixing microorganisms
(Marschner 1986). Sources of Co contamination include metal smelting, paint,
and combustion of oil and coal (Kabata-Pendias and Pendias 1984, Evangelou
1988). Co was below detection limits in KSC soils (Table 2.4), reflecting low
background values and no widespread contamination.

Copper. Cu is most abundant in mafic rocks. Worldwide mean background
values of Cu in soil range between 6-60 ppm (Kabata-Pendias and Pendias
1984) with sandy soils at the low end of the range (Table 2.12). Values in Florida
soils are typically low (Table 2.11). Cuis concentrated in surface soils due to
bioaccumulation and recent anthropogenic sources; these sources include
mining and smelting emissions, fertilizers, fungicide sprays, algicides, wood
preservatives, and municipal and agricultural wastes (Kabata-Pendias and
Pendias 1984, Evangelou 1988). Cu is an essential plant micronutrient, involved
in several important enzyme systems, but also becomes phytotoxic above certain
levels (Marschner 1986). Cu levels in KSC soils are low, but the agricultural
types (citrus scrub, citrus hammock) have higher values probably due to past
applications of Cu-containing fungicides or fertilizers (Tables 2.7, 2.8). Cuis
relatively immobile in the soil (Kabata-Pendias and Pendias 1984, McBride
1994), so elevated levels in agricultural soils may persist.

Iron. Fe is a major constituent of the lithosphere; its abundance in rock types
ranges from 0.4 % of limestones to 10.0 % of ultramafic rocks (Kabata-Pendias
and Pendias 1984). Typical values in soils range from 0.5 % to 5.0 % (5,000-
50,000 ppm) (Brady 1974). KSC soils have relatively low levels of Fe compared
to this and compared to other Florida soils (Table 2.11). Acid scrub and
flatwoods are much lower than other types (Tables 2.7, 2.8). Soils of these types
are mainly podzols (spodosols) (Huckle et al. 1974). Formation of podzols
involves intense leaching of the surface horizon removing iron and transporting it
to deeper soil layers (Paton et al. 1995). Fe is an essential plant micronutrient,
involved in critical enzyme systems (Marschner 1986). Soluble iron, available to
plants, is controlied by pH and oxidation-reduction conditions. Iron deficiency
usually occurs in alkaline, well-aerated soils, but iron toxicity can occur in acid,
anaerobic soils (Kabata-Pendias and Pendias 1984, Marschner 1986).

Lead. Pb is concentrated in acid magmatic rocks and clay sediments. Pb
content of U.S. soils averages 20 ppm with similar ranges in a variety of soils
(Kabata-Pendias and Pendias 1984, Table 2.12). Typical Florida soils range
lower than 10 ppm (Table 2.11). Pb is widely distributed in KSC soils, but Pb
levels are relatively low (Table 2.7, 2.8). Levels in saltwater wetlands are higher
than other types. In surface soils, Pb is associated with organic matter; saltwater
wetlands tend to accumulate organic matter at the surface. Pb contamination is
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widespread, particularly in surface soils: sources of contamination have included
mining and smelting, fossil fuels, paint, automobile exhaust, sewage sludge,
pesticides, and fertilizers (Kabata-Pendias and Pendias 1984, Evangelou 1988).
Plants take up Pb, both from the soil and air, although it has no physiological
function; it may become phytotoxic at higher levels (Kabata-Pendias and Pendias
1984).

Manganese. Mn is one of the most abundant trace elements but has its greatest
concentrations in mafic rocks (Kabata-Pendias and Pendias 1984). Soil levels
of Mn vary, although those reported for sandy soils (Table 2.12) are lower than in
soils from mafic rocks (Kabata-Pendias and Pendias 1984). Tyical values for
Florida soils are relatively low (Table 2.1 1). KSC soils are relatively low in Mn
(Table 2.7, 2.8); however, agricultural soils (citrus scrub, citrus hammock) are
higher than other types. Mn is found in sewage sludge and phosphate fertilizers
(Kabata-Pendias and Pendias 1984), suggesting a fertilizer source of Mn for the
agricultural soils. Other sources include mining and smelting (Evangelou 1988).
Mn levels in coquina scrub soils are also relatively high. The chemistry of Mn in
the soil is complex with cycles of oxidation and reduction, solution and
reprecipitation under varying soil conditions (Kabata-Pendias and Pendias 1984,
McBride 1994). Mn is often associated with Fe in soils, and Fe is also high in
coquina scrub soils. Mn is an essential plant micronutrient, involved in a number
of enzyme systems and physiological processes (Marschner 1986). Levels of
Mn that are toxic to plants vary among plant species and with environmental
conditions.

Mercury. Hg concentrations in rock types are greatest in organic-rich shales. In
soils, concentrations are greatest in organic soils (Kabata-Pendias and Pendias
1984) with lower levels in acid, sandy soils (Table 2.12). Florida soils are
generally low in Hg (Table 2.11). KSC soils are low in Hg (Tables 2.7, 2.8); types
with more organic matter (hammocks, wetlands) tend to have higher Hg values,
consistent with its affinity for organic matter. Sources of mercury contamination
include mining and metal processing, some chemical industry, sewage sludge,
coal combustion, and formerly the application of fungicides containing Hg
(Kabata-Pendias and Pendias 1984, Stevenson 1986). The formation of
organomercury compounds, particularly methyl mercury, is important to the
distribution and cycling of Hg. Plants take up and translocate Hg, but it has no
physiological function and is phytotoxic (Kabata-Pendias and Pendias 1984).

Nickel. Ni concentrations are greatest in ultramafic rocks (Kabata-Pendias and
Pendias 1984). Ni levels in sandy soils are typically low (Table 2.12) as are
levels in Florida soils (Table 2.11). Sources of Ni contamination include metal
processing and combustion of oil and coal: some phosphate fertilizers and
sewage sludge are also sources (Kabata-Pendias and Pendias 1984). Plants
take up Ni; it has no established general function in plant metabolism but is
involved in nitrogen metabolism of certain legumes (Marschner 1986). However,
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it becomes toxic at higher levels. Ni was below detection limits in all KSC soils
(Table 2.4), reflecting low background values and no widespread contamination.

Selenium. Se is present at low levels in many rock types but is most associated
with the clay fraction of sedimentary rocks (Kabata-Pendias and Pendias 1984)
and with sulfide minerals (McBride 1994). Levels in sandy soils are typically low
(Table 2.12) as are levels in Florida soils (Table 2.11). KSC soils are consistent
with this, with Se above detection limits in only a few samples (Table 2.5). Seis
taken up by plants, and some species accumulate large quantities (Marschner
1986). Seisa required micronutrient for ruminants but is toxic at high levels.

Silver. The occurrence of Ag is similar to Cu but at much lower concentrations
(Kabata-Pendias and Pendias 1984). Background values of Ag in soil can rangeé
from 0.03 to 3.2 ppm (Kabata-Pendias and Pendias 1984). Mining, metal
processing, and film processing are the major sources of Ag contamination
(Kabata-Pendias and Pendias 1984, Evangelou 1988). Plant toxicity appears
uncommon. Ag was above detection limits in only a few KSC soil samples
(Table 2.5), reflecting low background values and no widespread contamination.

Sodium. The Na content of the earth’s crust is about 2.8% (Marschner 1986).
Na is the most abundant cation in seawater (Mitsch and Gosselink 1986). The
highest levels in KSC soils (Tables 2.7, 2.8) were in saltwater marshes, reflecting
that seawater source. The next highest, although much lower, levels were in
coastal dune soils (Tables 2.7, 2.8) where sait spray provides a continuing input
of Na (Ranwell 1972). Na is highly mobile and readily leached from surface soils
where precipitation is abundant (Paton et al. 1995). The lowest levels in KSC
soils were in the highly leached, acid scrub soils (Tables 2.7, 2.8). Na is not
required by most plants, but it is by some halophytes (Marschner 1986). High
concentrations of Na limit the growth of non-halophytic plants (Haines and Dunn
1985).

Thallium. Background levels of Tl range between 0.02 to 2.8 ppm in surface
soils of the U.S. (Kabata-Pendias and Pendias 1984). Anthropogenic sources
are coal combustion and metal smelting. Tl is toxic to plants and animals at high
levels (Kabata-Pendias and Pendias 1984). Tl was above detection limits in only
a few KSC soil samples (Table 2.5), reflecting low background values and no
widespread contamination. \

vanadium. V content of rock types varies widely but is most abundant in mafic
rocks (Kabata-Pendias and Pendias 1984). Sandy soils contain relatively low
amounts of V (Table 2.12, Kabata-Pendias and Pendias 1984) as do Florida
soils (Table 2.11). V tends to be associated with organic matter in soil (McBride
1994). KSC soils are consistent with this with generally jow values (Tables 2.7,
2.8), and somewhat higher ones in soils with more organic matter (wetlands,
hammocks). Sources of V contamination include processing of mineral ores and
combustion of coal and fuel oil: it also occurs in some phosphate fertilizers
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(Kabata-Pendias and Pendias 1984). Vv is essential for the growth of freshwater
algae, but its physiological role, if any, in higher plants is unclear (Marschner
1986).

carbonates.

Cation Exchange Capaci . Colloidal material in soil is important to soil structure
and ability to supply nutrients to plants. Soil colloids include clay minerals and
organic (humic) matter (Brady 1974). Soil colloids carry negative electrical

with the low organic matter content of these soils, while values in hammocks and
wetlands, where organic matter accumulation js greater, are Substantialiy higher.

Bulk Density. Bulk density is a measure of the weight of soil per unit volume. It

varies with the relative proportion of solid organic matter in the soil and with soil
porosity. Typical values for soil surface (A) horizons range from 0.7-2.0
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(Birkeland 1999). High organic matter decreases bulk density, but intense
cultivation increases bulk density through loss of organic matter (Brady 1974). In
KSC soils, bulk density is lowest in wetland soils, hammocks, and flatwoods
where organic matter accumulates in surface soils and is highest in coastal and
scrub soils with little organic matter accumulation (Tables 2.7, 2.9). Cultivation of
citrus hammock soils appears to have increased bulk density, probably through
loss of organic matter.

Resistivity. Electrical conductivity increases with the concentration of ionized
constituents in soil solution. The predominant cations and anions in most soils
are Ca2*, Mg, K*, Na*, COs%, HCO¥, SO,%, CI', and boron (Bower and Wilcox
1965). Resistivity follows the reciprocal relationship of conductivity. Thus,
resistivity is low in saltwater wetland soils (Table 2.7, 2.9) that have high
concentrations of Na, K (Table 2.7) as well as CI" (not measured).

Soil Texture. Mean grain size was greatest in coastal and coquina scrub soils
reflecting the shell fragments in these soils that are larger than the quartz grains
that comprise much of the rest of the soil. The Wentworth classification reflects
these differences better than the Unified Soil classification (Table 2.10). Grain
size is less in acid scrub soils where weathering has removed shell fragments.
Hammocks and wetlands have the smallest mean grain size, perhaps reflecting
accumulation of finer grain material in these types.

2.3.3 Subsurface Soils

The data of this survey apply to surface soils (0-30 cm). Subsurface soil does
not have background numbers for comparision and will follow the appropriate
screening criteria found in the KSC Decision Process Document.
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Figure 2.1. Soil sampling locations, Kennedy Space Center. Points may represent more
than one sample location.
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Figure 2.2. Distribution of soil classes on Keﬁnedy Sp;ce Center.
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Figure 2.3. Phi size distribution for coastal soils.
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Table 2.1. Soil classification for Kennedy Space Center. Soil series are grouped into
ten classes (indicated in bold) based on similarities.

1. Upland
1.1 Well-drained
1.1.1. Recent, coastal, alkaline; vegetation = coastal dunes, coastal
strand, coastal scrub
Palm Beach
Canaveral
Welaka
1.1.2. Old, inland, acid; vegetation = scrub, scrubby flatwoods
St. Lucie
Paola
Astatula
QOrsino
Pomelio
Tavares
Daytona
Cassia
Satellite
1.1.3. Inland, circumneutral, over coquina; vegetation = scrub, xeric
hammock
Cocoa
Bulow
1.2. Poorly drained
1.2.1. Acid, sandy; vegetation = flatwoods
immokalee
Myakka
Myakka variant
St. Johns
Pompano
Wabasso
Winder
Holopaw
Smyrna
1.2.2. Circumneutral to alkaline, over coquina or limestone;
vegetation = hammocks
Copeland
Parkwood
Bradenton, shallow variant
Tuscawilla
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Table 2.1 (cont.).

2. Wetland
2.1. Inland, freshwater:; vegetation = fresh water marshes, hardwood
swamps
Myakka, ponded
St. Johns, ponded
Felda & Winder, ponded
Immokalee, depressional
Placid, depressional
Floridana
Swamp
Anclote
Basinger
Canova
Chobee
Felda & Winder
Pineda
Riviera
Samsula muck
Tequesta muck
Valkaria
2.2. Coastal, brackish to saline; vegetation = saltmarshes, mangroves
Submerged marsh
Tidal marsh
Tidal swamp
Hydraquents
Turnbull muck

3. Agricultural
3.1. Active or abandoned citrus on scrub soils (1.1.2, 1.1.3)
3.2. Active or abandoned citrus on hammock soils (1.2.2)

4. Disturbed
Canaveral-urban land
Galveston-urban land
Urban land
Quartzipsamments
Arents
Spoil banks
Dikes
Made land
Turnbull variant
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Table 2.2. List of parameters, the EPA methods used to analyze each, and
detection limits, in soil samples collected for the KSC Background Study.

EPA Lab Reporting
Method Limit for soil
Organochlorine Pesticides
44'-DDD 8081 3.3 ug’kg
4,4' - DDE 8081 3.3 ng/kg
4,4' - DDT 8081 3.3 ug/Kg
Aldrin 8081 3.3 nglkg
Alpha - BHC 8081 3.3 ug/kg
Beta - BHC 8081 3.3uglkg
Chlordane, alpha or gamma 8081 1 pg/kg
Chlordane (Total) 8081 3.3uglkg
Delta - BHC 8081 3.3 ng/kg
Dieldrin 8081 3.3 pg/kg
Endosulfan | 8081 3.3 ug/kg
Endosulfan 1l (beta) 8081 3.3 pg/kg
Endosulfan Sulfate 8081 3.3ug’kg
Endrin 8081 3.3pg/kg
Endrin Aldehyde 8081 3.3 ug/kg
Endrin Ketone 8081 3.3 pg/kg
Gamma - BHC (Lindane) 8081 3.3 ug/kg
Heptachlor 8081 3.3 ug/kg
Heptachlor Epoxide(a) 8081 3.3 pg/kg
Heptachlor Epoxide(b) 8081 3.3pug/kg
Isodrin 8081 3.3 pg/kg
Methoxychlor 8081 3.3 ug/kg
Mirex 8081 3.3 pg’kg
Toxaphene 8081 2 ng/kg
Aroclors
PCB-1016/1242 8082 33 pa’kg
PCB-1221 8082 33 pglkg
PCB-1232 8082 33 pa/kg
PCB-1248 8082 33 ug/kg
PCB-1254 8082 33 pg’kg
PCB-1260 8082 33 nglkg
Chlorinated Herbicides
2-(2,4,5-Trich|orophenoxy) propionic acid (2,4,5 - 8151 10 ng/kg
TP) (Silvex)
2.4 5-Trichlorophenoxy acetic acid (2,4,5-T) 8151 10 pg/kg
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Table 2.2 (cont.).

EPA Lab Reporting
Method Limit for soil
Chlorinated Herbicides (cont.)
2,4-Dichlorophenoxy acetic acid (2,4 -D) 8151 10 ug/kg
3,5-DCBA 8151 10 pg/kg
4-(2,4-DichIorophenoxy)butyric acid (2,4 - DB) 8151 10 ug/kg
4 - Nitrophenol 8151 10 ug/kg
Acifluorfen 8151 10 ug/kg
Bentazon 8151 10 pg/kg
Chloramben 8151 10 ug/kg
Dacthal 8151 10 ug/kg
Dalapon 8151 10 ug/kg
Dicamba 8151 10 ug/kg
Dichloroprop [2-(2,4-Dichlorophenoxy)proponic 8151 10 pg/kg
acid]
Dinoseb 8151 10 ng/kg
MCPA 8151 100 pg/k
MCPP 8151 100 ug/kg
Pentachlorophenol 8151 10 ng/k
Picloram 8151 10 uglkg
PAHs
1 - Methylnaphthalene 8310 17 ug/kg
2 - Methylnaphthalene 8310 17 ug/kg
Acenaphthene 8310 17 ng/kg
Acenaphthylene 8310 3.3 ug/kg
Anthracene 8310 17 ng/kg
Benzo(a)anthracene 8310 1.7 ug/k
Benzo(a)pyrene 8310 2.0 ug/kg
Benzo(b)fluoranthene 8310 3.0 ug/kg
Benzi(g_;in,i)perylene 8310 3.3 ug/kg
Benzo(k)fluoranthene 8310 2.0 ng/kg
Chrysene 8310 1.7 pg/kg
Dibenzo(a,h)anthracene 8310 3.3 ug/kg
Fluoranthene 8310 3.3 ug/k
Fluorene 8310 3.3 ug/kg
Indeno(1,2,3-cd)pyrene 8310 1.7 ug/kg
Naphthalene 8310 17 uag/k
Phenanthrene 8310 1.7 ug/kg
Pyrene 8310 1.7 ng/kg
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Table 2.2 (cont.).

EPA Lab Reporting
Method Limit for soil
Metals
Aluminum 200.7 20 mg/kg
Antimony 204.2 2 ma/kg
Arsenic 6010 0.5 mg/kg
Barium 6010 20 mg/kg
Beryllium 6010 1 mg/kg
Cadmium 6010 1 mg/kg
Calcium 6010 25 mg/kg
Chromium (total) 6010 1 mg/kg
Cobalt 6010 5 mg/kg
Copper 6010/7210 5 mg/kg
iron 6010 10 mg/kg
Lead 6010 1 mg/kg
Magnesium 6010 25 mg/kg
Manganese 6010 1mglkg
Mercury 7471 0.01 mg/kg
Nickel 6010/7520 5 mg/kg
Potassium 6010/7610 25 mg/kg
Selenium 6010 2 mg/kg
Silver 6010 2mg/kg
Sodium 7770 25 mg/kg
Thallium 6010 1 mg/kg
Vanadium 6010 1 mg/kg
Zinc 6010/7950 5 mg/kg
Other Parameters
pH 9045 NA
Percent Solids SM2540G NA
Resistivity Miller NA
Cation lon Exchange Capacity 9081 NA
Bulk Density Core Method NA
Total Organic Carbon MSA Part2, NA
29-3
Texture (No. 4,10,40,60,100,200) Sieve Method NA

37




Table 2.3. Area of soil classes.

Soil Class Area Area Percent of Soil
(acres) (hectares) Area
Coastal 2714.0 1098.3 3.30
Acid Scrub 3847.2 1556.9 4.76
Coquina Scrub 668.2 270.4 0.81
Flatwoods 25779.5 10432.6 31.32
Hammocks 4917.7 1990.1 5.97
Freshwater Wetlands 15207.5 6154.3 18.48
Saltwater Wetlands 23786.8 9626.2 28.90
Citrus Scrub 863.1 349.3 1.05
Citrus Hammock 1581.6 640.0 1.92
Disturbed 2946.4 1192.4 3.58
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Table 2.4. Parameters that were below detection limits (non-detect) in all soil

samples.
ORGANOCHLORINE PESTICIDES CHLORINATED HERBICIDES (8151)
(8081)

Aldrin 2 4 5-Trichlorophenoxy acetic acid
(2,4,5-T)

Alpha-BHC 3,5-DCBA

Beta-BHC 4-Nitrophenol

Delta-BHC Acifluorfen

Endosulfan | Bentazon

Endosulfan |l (beta) Chloramben

Endosulfan Sulfate Dacthal

Endrin Dalapon

Endrin Aldehyde Dicambia

Heptachlor Dichloroprop [2-(2-Dichlorophenoxy)

proponic acid]

Heptachlor Epoxide (a) Dinoseb
Heptachlor Epoxide () MCPA
Isodrin MCPP
Methoxychlor Pentachlorophenol
Mirex Picloram
Toxaphene

AROCLORS (8082) PAHSs (8310)
PCB-1016/1242 Acenaphthene
PCB-1221 METALS
PCB-1232 Antimony
PCB-1248 Beryllium
PCB-1254 Cobalt
PCB-1260 Nickel
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Table 2.6. Parameters that were determined by the Remediation team to be
treated as below detection limits (non-detect) for all soil locations based on low
frequency of detection.

ORGANOCHLORINE PESTICIDES (8081)

Chlordane alpha

Chilordane gamma

Chlordane (total)

Endrin Ketone

Gamma -BHC (Lindane)
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Table 2.10. Mean grain size and classification of soil types.

Soil Class Mean Mean Grain Wentworth Unified Soil
Grain Size Size (mm) Classification  Classification
(Phi)
Coastal 1.7 0.31 Medium Sand Fine Sand
Acid Scrub 2.6 0.17 Fine Sand Fine Sand
Coquina Scrub 1.7 0.31 Medium Sand Fine Sand
Flatwoods 2.2 0.22 Fine Sand Fine Sand
Hammocks 2.8 0.14 Fine Sand Fine Sand
Freshwater 2.6 0.17 Fine Sand Fine Sand
Wetlands
Saltwater 2.85 0.14 Fine Sand Fine Sand
Wetlands
Citrus Scrub 2.2 0.22 Fine Sand Fine Sand
Citrus Hammock 2.65 0.16 Fine Sand Fine Sand
Disturbed Soils 2.45 0.18 Fine Sand Fine Sand
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Table 2.11. Concentrations of selected elements in typical surface soils of
Florida (Shacklette and Boerngen 1984). Samples were taken at 20 cm below
the surface.

Element Concentration
(ppm)
Aluminum <20,000
Antimony <1
Arsenic <3
Barium <200
Beryllium <1
Calcium <3000
Chromium <20
Cobalt <3
Copper <10
Iron <10,000
Lead <10
Magnesium <1500
Manganese <150
Mercury <0.032
Nickel <5
Potassium <6800
Selenium <0.2
Sodium <2000
Vanadium <20
Zinc <17
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Table 2.12. Background levels of trace elements in surface soils. Data are from
Kabata-Pendias and Pendias (1984). Units are ppm/dry weight. - indicates no
data reported.

Sandy Soils- Podzols and Sands -

United States Different Countries
Element Range Mean Range Mean
Antimony - - 0.05-1.33 0.19
Arsenic <0.1-30.0 5.1 1.1-28.9 2.4-5.8
Barium 20-1500 400 180-780 -
Beryllium <1-3 1.9 - -
Cadmium - - 0.01-1.80 0.07-0.43
Chromium 3-200 40 1.4-530 21-110
Cobait 0.4-20 3.5 0.1-65 -
Copper 1-70 14 1-52 8-16
Lead <10-70 17 2.3-47.5 10.4-57.0
Manganese 7-2000 345 9-1900 -
Mercury <0.01-0.54 0.08 0.01-0.70 0.04-0.06
Nickel <5-70 13.0 1-52 7-11
Selenium 0.005-3.5 0.5 0.05-1.32 0.14-0.27
Vanadium 7-150 47 10-91 -
Zinc <5-164 40.0 3.5-146 24-42
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SECTION 3
Groundwater

3.1 Methods
3.1.1 Site selection

We used the four subsystems of the Surficial aquifer (Figure 1.4), originally
delineated by Clark (1987c), as the basis for sample site locations. We located
six sample sites in each subsystem, 24 total sites (Figure 3.1). We chose sites
away from known contamination. One to three wells were installed at these
sites. The sampling plan designated that a shaliow well was to be installed at
each site. Intermediate wells were to be installed at four sites per subsystem (16
total); deep wells were to be installed at three sites per subsystem (12 total). A
total of 52 wells were planned.

A Trimble Pathfinder Professional XL Geographic Positioning System (GPS) unit
was used to collect groundwater well locations using real-time differentially
corrected methods (Trimble Navigation Limited 1994). Locations were exported
to North American Datum 1927 (NAD27) State Plane coordinates for overlay in a
Geographic Information System (GIS). Sample site descriptions of well locations
are given in Appendix C, Table C-1, and coordinates of sites in Table C-2.

3.1.2 Sampling

The NASA/KSC Remediation Program Office contracted groundwater well
installation to Universal Engineering Sciences, Inc. [Appendix D (Universal
Engineering Sciences, Inc. 1998)]. Universal was contracted to install 52 wells,
due to the depth of the confining unit at one location the deep well was not
installed. Therefore, a total of 51 wells were installed at varying depths.

Groundwater samples were collected from 51 wells (Figure 3.1). Twenty-four
wells were shallow (15 ft.), 16 wells were intermediate (35 ft.), and 11 wells were
deep (50 ft.). Shallow and intermediate wells were screened for 10 ft (3 m) and
deep wells for 5 ft. (1.5 m) (Universal Engineering Sciences, Inc. 1998). ENCO
was subcontracted for sample collection and chemical analysis since they have
the required certifications. ENCO followed the requirements of the “NASA/KSC
Sampling and Analysis Plan for RCRA Facility Investigations at Kennedy Space
Center, Florida and Cape Canaveral Air Station, Florida, Volume 4” of the
Generic Work Plans (SAP) (NASA 1996) and ENCO’s FLDEP Comprehensive
Quality Assurance Plan No. 960038. Based on requirements in the SAP, organic
vapor and explosimeter readings were collected from every well. All wells had a
reading of zero for both measurements.

Well construction information (Universal Engineering Sciences, Inc. 1998) was

consistent with well placement in the Surficial Aquifer; no confining layers were
encountered in completed wells.
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All well sampling was done using a low flow peristaitic pump (with Teflon check
valves) and silicon and Tigon tubing. All sampling protocols in the SAP were
followed. Turbidity was measured in the field throughout purging, and sample
collection occurred when turbidity was <10 NTU). Quality assurance/quality
control samples were collected in accordance with the requirements of the SAP.
A data validation report was completed, see Appendix G.

3.1.3 Chemical Analysis

Table 3.1 lists the analyses that were conducted on each groundwater sample.
Organochlorine pesticides (EPA method 8081), aroclors (EPA method 8082),
chlorinated herbicides (EPA method 8151), and polycyclic aromatic
hydrocarbons (EPA method 8310) were analyzed. Methods for organochlorine
pesticides, aroclors, and chlorinated herbicides use gas chromatography
(USEPA, 1996). Polycyclic aromatic hydrocarbons were analyzed by high-

the specific metal: 200.7, 204.2, 220.1, 245.1, 258.1, 273.1, 279.2 (Table 3.1).
Method 200.7 uses inductively coupled plasma-atomic emission spectrometry
(USEPA 1983). Method 204.2 (Sb) uses an atomic absorption, furnace
technique (USEPA 1983). Methods 220.1, 258.1, and 273.1 use atomic
absorption, direct aspiration techniques (USEPA 1983). Mercury (Hg) was
analyzed using method 245.1, a cold-vapor, atomic absorption technique
(USEPA 1983). Chioride was analyzed using EPA method number 325.3, a
titrimetric mercuric nitrate technique (USEPA 1983).

Field analysis of groundwater samples for dissolved oxygen, turbidity, pH,
specific conductivity, and temperature were conducted with calibrated
instruments. Total dissolved solids was determined by method 160.1 using
filtration followed by drying at 180 C (USEPA 1983). Total organic carbon was
determined by method 415.1 (USEPA 1983) using catalytic combustion or wet
chemical oxidation.

3.1.4 Data Analysis

Data analyses was conducted using SPSS Version 9 (SPSS Inc., 1999) using

the following approach.

» Frequency of parameters occurring above the detection limits were
determined. Where most of the data are below detection, intensive data
analyses cannot be justified.

* Boxplots were used to scan for obvious outliers in the data. Outliers could
arise from a contaminated sample or a local, anomolous site conditions.
Inclusion of outliers can skew the mean and standard deviation of a
parameter.

» Normality of distributions were tested for using normality plots and the
Kolmogorov-Smirnov statistics with Lilliefors significance levels. Normality of
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distribution determines whether parametric or nonparametric analyses should
" be used or whether transformations are required.

e Where the sample size of data above detection was sufficient, two-way
analysis of variance (ANOVA) of transformed data (logo) were used to test
for differences related to aquifer subsystem and depth. Replicate samples
were excluded from ANOVA. These tests determined whether parameters
differed among subaquifers and depths. If such differences exist, then use of
a single mean (or screening value) to represent all groundwater may not be
appropriate.

For screening purposes, data are given as twice the mean (USEPA 1998). The
KSC Background Screening table for groundwater is located in Appendix A,
Table A-2.

3.2 Results

3.2.1 Groundwater Chemistry

Frequency of groundwater parameters above detection is given in Table 14. All
organochlorine pesticides (25), all aroclors (6), and all chlorinated herbicides (18)
were below detection in all samples (Table 3.3). Ten PAHs were above
detection in one to four samples. Four PAHs were above detection limits in only
one sample each, and these values were between the method detection limit and
the practical quantitation level; therefore, the Remediation team decided to treat
these as below detection (Table 3.4). Cobalt and mercury were always below
detection (Table 3.3). Beryllium, silver, and zinc were above detection in just one
sample each (Table 3.2).

For some parameters, frequency of occurrence above detection varied with
subaquifer or depth (Table 3.5). PAHs were above detection only in shallow
wells of the dune, dune-swale, and west plain subaquifers (Table 3.5). Arsenic
and cadmium were most frequently above detection in the dune subaquifer.

Summary data by aquifer and depth are given in Table 3.6. Among metals only
Al, Ca, Cl, Fe, Mg, Mn, K, and Na were above detection in sufficient samples to
compare concentrations. In addition, total dissolved solids (TDS), total organic
carbon (TOC), specific conductivity, pH, dissolved oxygen (DO), and field
temperature could be compared. The distributions of all parameters except
temperature were not normal (Kolmogorov-Smirnov tests, p<0.001).
Transformations (logso) improved normality of distribution. Transformed values of
Mg, K, Na, TOC, TDS, and conductivity did not differ from normal (p>0.05).
Although distributions of Al, Ca, Cl, Fe, Mn, and DO still differed from normal,
normality plots showed that transformation improved the distributions such that
ANOVA could be conducted.
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Univariate, two-way ANOVA where subaquifer and depth were fixed effects was
conducted using temperature and log-transformed chemistry data. Models were
not significant for Al and DO:; the significance level for the model (p=0.057) for Fe
was marginally above the usual decision point. Interactions were significant for
pH. TOC differed across subaquifers but not depths. Ca, Cl, Mg, Mn, K, Na,
TDS, and conductivity differed with subaquifer and depth (Table 3.7).

For screening purposes, a simpler classification of groundwater was desired. The
NASA/KSC Remediation team adopted Rule 62-520.410 Florida Administrative
Code (F.A.C) groundwater classifications Class G-1l and Class G-lll. Class G-I
is defined as groundwater with total dissolved solids <10000 mg/L and Class G-
lIl'is defined as groundwater with total dissolved solids >10000 mg/L. Some
parameters (Table 3.8) were more frequently above detection in Class G-II (Cd,
Fe, Ti) and some were more frequently above detection in Class G-Il (Sb, As,
Pb). Ca, Cl, Mg, K, Na, total dissolved solids, and conductivity were substantially
higher in Class G-lli (Table 3.9), as would be expected. The KSC Background
screening table for groundwater is given in Appendix A, Table A-2. Detailed data
for Class G-Il and Class G-Il are given in Appendix C, Table C-3 and C-4.

3.3 Discussion

Unconsolidated, surficial aquifers are subject to contamination from point sources
and from general land use, and contaminants may include trace elements,
pesticides, herbicides, and other organics (Page 1981, Burkart and Kolpin 1993,
Kolpin et al. 1995, 1998, Barbash et al. 1999). Urban and agricultural land uses
have affected some Florida aquifers (Rutledge 1987, Barbash and Resek 1996).
Point source contamination to the KSC aquifer has occurred at certain facilities
(Clark 1985, 1987a, b).

However, the baseline data presented here suggest that widespread
contamination of the Surficial aquifer on KSC has not occurred. No
organochlorine pesticides, aroclors, or chlorinated herbicides occurred above
detection limits. Although pesticide residues or degradation products and
chlorinated herbicides occurred in some soils, those concentrations were low and
migration into the aquifer either has not occurred or has not been widespread.

Some PAHSs occurred in the shallow wells. Earlier we showed that PAHs occur
in a variety of KSC soils at relatively low concentrations. Some occurrence in
shallow wells is not surprising. PAHs have both natural and anthropogenic
sources (e.g., Suess 1976, Standley and Simoneit 1987, Jones et al. 1989b, c).

Clark (1987c) tested background groundwater wells for a smaller number of
organochlorine pesticides and chlorinated herbicides including 2,4-D, 2,4,5-TP,
Endrin, Lindane, Methoxychlor, and Toxaphene and found none above detection
limits.
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Most trace metals are in low concentrations in KSC groundwater if they occur
above detection levels. This is consistent with the low concentrations of most
trace metals in KSC soils and the primarily quartz composition of the terrigenous
deposits comprising the surficial sediments of Merritt Island (Brown et al. 1962,
Milliman 1972, Field and Duane 1974). Al, Fe, and Mn occur above detection
limits more frequently than other trace metals. Al and Fe are abundant crustal
components and are present in KSC soils. Intense leaching, particularly in acid
scrub and flatwoods soils, mobilizes Al and Fe (Paton et al. 1995). Ironis a
typical constituent of groundwater in the Surficial aquifer in Florida (Miller 1997).
Mn is one of the most abundant trace elements (Kabata-Pendias and Pendias
1984); it is present in KSC soils but the concentrations are relatively low.
Solution and precipitation of Fe and Mn are affected by pH and oxidation-
reduction conditions.

The chemical parameters varying most with subaquifer and depth are Ca, Cl, Mg,
K, and Na, and conductivity and total dissolved solids that are related to these
cations and anions. The trends are generally consistent among these; the
shallow wells in the Dune-Swale subaquifer have the lowest values.
Concentrations increase with depth within a subaquifer. At a given depth,
concentrations in the Dune-Swale and West Plain subaquifers are lower than in
the Dune and Marsh subaquifers. These trends reflect increased mineralization
with depth and differences between the fresh water Dune-Swale and West Plain
subaquifers and the more saline Dune and Marsh systems. The Dune and
Marsh subaquifers interact with saline water of the Atlantic Ocean and Indian
River Lagoon system, respectively (Clark 1987c).

These data are generally consistent with the previous study of Clark (1 987¢)
(Table 3.10), although there were differences in sampling and analysis.
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Groundwater Well Locations
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Figure 3.1. Groundwater well sampling locations, Kennedy Space Center.
Points may represent more than one well.
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Table 3.1. List of parameters, EPA method number, and lab reporting limit for
parameters analyzed for all groundwater samples. Lab reporting limit values are
based on pure samples. * = measurement made with a calibrated field
instrument (YSI).

EPA Lab Reporting
Method _|Limit for groundwater
Organochlorine Pesticides
4,4'-DDD 8081 0.05 pg/L
44 - DDE 8081 0.05 pg/L
4,4 - DDT 8081 0.05 pg/L
Aldrin 8081 0.05 pg/L
Alpha — BHC 8081 0.05 pg/L
Beta — BHC 8081 0.05 ug/L
Chiordane (alpha) 8081 0.05 pg/L
Chlordane (gamma) 8081 0.05 pg/l.
Chiordane (Total) 8081 1 pg/l
Delta — BHC 8081 0.05 g/t
Dieldrin 8081 0.05 po/L
Endosulfan | 8081 0.05 pg/L
Endosulfan |l (beta) 8081 0.05 ug/l.
Endosulfan Sulfate 8081 0.05 pg/t.
Endrin 8081- 0.05 pg/L
Endrin Aldehyde 8081 0.05 pg/L
Endrin Ketone 8081 0.05 pg/t
Gamma — BHC (Lindane) 8081 0.05 pg/L
Heptachlor 8081 0.05 pg/L
Heptachlor Epoxide(a) 8081 0.05 pg/L
Heptachlor Epoxide(b) 8081 0.05 pg/l.
Isodrin 8081 0.05 pg/l.
Methoxychlor 8081 0.05 ug/L
Mirex 8081 0.05 pg/L
Toxaphene 8081 2 g/l
Aroclors

PCB-1016/1242 8082 1 pg/l
PCB-1221 8082 1pugll
PCB-1232 8082 1 pg/l
PCB-1248 8082 1 pg/l
PCB-1254 (noncarcinogenic) 8082 1 ug/L
PCB-1260 8082 1pg/ll
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Table 3.1 (cont.).

EPA Lab Reporting
Method  |Limit Moundwater
Chlorinated Herbicides
2-(2,4,5-Trichlorophenoxy)propionic acid (2,4,5 - TP) 8151 0.5 ug/L
Silvex)
2,4,5-Trichlorophenoxy acetic acid (245-T) 8151 0.5 ug/L
2,4-Dichlorophenoxy acetic acid (2,4 - D) 8151 0.5 pg/L
3,5-DCBA 8151 0.5 ug/L
4-(2,4-Dich|orophenoxy)butyric acid (2,4 - DB) 8151 0.5 pg/L
4 — Nitrophenol 8151 0.5 ug/L
Acifluorfen 8151 0.5 ng/L
Bentazon 8151 0.5 po/L
Chloramben 8151 0.5 ug/L
Dacthal 8151 0.5 ug/L
Dalapon 8151 0.5 ug/t
Dicamba 8151 0.5 ng/L
Dichloroprop [2-(2,4-Dichlorophenoxy)proponic acid] 8151 0.5 ug/L.
Dinoseb 8151 0.5 ug/L
MCPA 8151 5 ug/L
MCPP 8151 5 ug/L
Pentachlorophenol 8151 0.5 g/t
Picloram 8151 0.5 ug/L
PAHs

1 = Methylnaphthalene 8310 0.5 ug/t.
2 — Methylnaphthalene 8310 0.5 ng/L
Acenaphthene 8310 0.5 ug/lL
Acenaphthylene 8310 0.1 ug/L
Anthracene 8310 0.5 pg/lL
Benzo(a)anthracene 8310 0.05 ug/L
Benzo(a)pyrene 8310 0.05 pg/L
Benzo(b)fluoranthene 8310 0.1ug/l
Benzo(g,h,i)perylene 8310 0.1 ug/L
Benzo(k)fluoranthene 8310 0.05 ug/L
Chrysene 8310 0.05 ug/L
Dibenz(a,h)anthracene 8310 0.1 ug/lL
Fluoranthene 8310 0.1 ug/L
Fluorene 8310 0.1 ug/lL
Indeno(1,2,3-cd)pyrene 8310 0.05 ug/l.
Naphthalene 8310 0.5 pg/L




Table 3.1 (cont.).

EPA Lab Reporting
Method Limit for
groundwater
PAHSs (cont.)
Phenanthrene 8310 0.05 pg/L
Pyrene 8310 0.05 pg/L
Metals
Aluminum 200.7 0.05 mg/L
Antimony 204.2 0.006 mg/L
Arsenic 200.7 0.01 mg/L
Barium 200.7 0.1 mg/L
Beryllium 200.7 0.001 mg/L
Cadmium 200.7 0.001 mg/L
Calcium 200.7 0.5 mg/lL.
Chloride (total) 325.3 1 mg/L
Chromium (total) 200.7 0.01 mg/L
Cobalt 200.7 0.05 mg/L
Copper 200.7/ 0.05 mg/L
220.1
Iron 200.7 0.05 mg/L
Lead 200.7 0.005 mg/L
Magnesium 200.7 0.5 mg/L
Manganese 200.7 0.01 mg/L
Mercury 245.1 0.0002 mg/L
Nickel 200.7 0.01 mg/L
Potassium 258.1 0.5 mg/L
Selenium 200.7 0.01 mg/L
Silver 200.7 0.01 mg/L
Sodium 273.1 0.5 mg/L
Thallium 279.2 0.004 mg/L
Vanadium 200.7 0.01 mg/L
Zinc 200.7 0.1 mg/L
Other Parameters
Dissolved oxygen * 0.4 mg/L
pH (converted to hydrogen ion for analysis) * na
Specific conductivity * na
Temperature * na
Total dissolved solids 160.1 1 mg/L
Total organic carbon 4151 1 mg/L
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Table 3.2. Frequency (percent) of values greater than detection limits for
chemical parameters in groundwater.

Parameter Frequency (%)

Sample Size 57
Organochlorine Pesticides (8081)

4,4'- DDD

4,4' - DDE

44'- DDT

Aldrin

Alpha - BHC

Beta - BHC

Chlordane (Total)

Chiordane alpha

Chlordane gamma

Delta - BHC

Dieldrin

Endosulfan i

Endosulfan ii (beta)

Endosulfan sulfate

Endrin

Endrin aldehyde

Endrin Ketone

Gamma - BHC (Lindane)

Heptachior

Heptachlor Epoxide (a)

Heptachlor Epoxide (b)

Isodrin

Methoxychlor

Mirex

Toxaphene

OOOOOOOOOOOOOOOOOOOOOOOOO

Aroclors (8082)
PCB-1254 (noncarcino enic)
PCB-1016/1242
PCB-1221
PCB-1232
PCB-1248
PCB-1260

Oolojojo|lojo

Chlorinated Herbicides (8151)
2-(2,4.5-Trichlorophenoxy)propionic acid (2,4,5
- TP) (Siivex)
2.4,5-Trichlorophenoxy acetic acid (2,4,5 -T)
2,4-Dichlorophenoxy acetic acid (24-D)
3,5-DCBA
4-(2,4-Dichlorophenoxy)butyric acid (2,4 -DB)

o

olojo|o
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Tabie 3.2. (cont.).

Parameter Frequency (%)
Chiorinated Herbicides (cont.) 0
4 - Nitrophenol 0
Acifluorten 0
Bentazon 0
Chloramben 0
Dacthal 0
Dalapon 0
Dicamba 0
Dichloroprop [2-(2,4-Dichlorophenoxy)proponic 0
acid]
Dinoseb 0
MCPA 0
Pentachlorophenol 0
Picloram 0
PAHs (8310)
1 - Methyinaphthalene 0
2 - Methyinaphthalene 0
Acenaphthene 0
Acenaphthylene 0
Anthracene 0
Benzo(a)anthracene 7.0
Benzo(a)pyrene 7.0
Benzo(b)fluoranthene 1.8
Benzo(g.h,i)perylene 0
Benzo(k)fiuoranthene 5.3
Chrysene 5.3
Dibenz(a,h)anthracene 0
Fluoranthene 3.5
Fluorene 1.8
Indeno(1,2,3-cd)pyrene 3.5
Naphthalene 0
Phenanthrene 1.8
Pyrene 1.8
Metals
Aluminum 66.7
Antimony 8.8
Arsenic (as carcinogen) 22.8
Barium 5.3
Beryliium 1.8
Cadmium 7.0
Calcium 98.2
Chioride 100.0
Chromium (total) 5.3
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Table 3.2. (cont.).

Parameter Frequency (%)
Metals (cont.)
Cobalt 0
Copper 7.0
lron 77.2
Lead 14.0
Magnesium 96.5
Manganese 70.2
Mercury (inorganic) 0
Nickel 3.5
Potassium 87.7
Selenium 7.0
Silver 1.8
Sodium 100.0
Thallium 12.3
Vanadium 7.0
Zinc 1.8
Other Parameters
Total Dissolved Solids 100.0
Total Organic Carbon 93.0




Table 3.3. List of parameters that were below detection limits (non-detect) for all

groundwater wells.

Organochlorine Pesticides (8081)

Chlorinated Herbicides (8151)

4.4 -DDD

2-(2,4,5-Trichlorophenoxy)propionic
acid (2,4,5 - TP) (Silvex)

4.4'- DDE 2.4 5-Tricholorophenoxy acetic acid
(2,4,5-T)

4,4 - DDT 2 4-Dichlorophenoxy acetic acid (2,4-D

Aldrin 3,5-DCBA

Alpha - BHC 4-(2,4-Dichlorophenoxy)butyric acid (2,4
- DB)

Beta - BHC 4 - Nitrophenol

Chlordane (Total) Acifluorfen

Chlordane, alpha Bentazon

Chlordane, gamma Chloramben

Delta- BHC Dacthal

Dieldrin Dalapon

Endosulfan | Dicamba

Endosulfan |l (beta)

Dichloroprop [2-(2,4-
Dichlorophenoxy)proponic acid]

Endosulfan Sulfate

Dinoseb

Endrin MCPA

Endrin Aldehyde MCPP

Endrin Ketone Pentachlorophenol
Gamma - BHC (Lindane) Picloram

Heptachlor PAHs (8310)

Heptachlor Epoxide(a) 1 - Methylnaphthalene

Heptachlor Epoxide(b) 2 - Methylnaphthalene

Isodrin Acenaphthene

Methoxychior Acenaphthylene

Mirex Anthracene

Toxaphene Benzo(g,h,i)perylene
Aroclors (8082) Dibenz(a,h)anthracene

PCB-1016/1242 Naphthalene

PCB-1221 Metals

PCB-1232 Cobalt

PCB-1248 Mercury

PCB-1254

PCB-1260




Table 3.4. List of parameters that were determined by Remediation team
consensus to be treated as below detection limits (non-detect) for all
groundwater locations based on low frequency of detection. These parameters
had one value between the method detection level and the practical quantitation
level.

PAHs (8310)
Fluorene
Phenanthrene
Pyrene

66



0'0S 008 v'i. [ 0001 [ 0001 1'S8 L'99 000r | 0001 [O00L]| 009 L9l ZLL uoJ|
0 002 gyl | €€€ 0 0 0 0 0 0 002 0 0L 1eddoD
0 0 9'8¢ 0 0 0 0 0 0 0 002 0 £ (1e10) wniwouyd
0°00L | 000, | 000t |0O00L| 000L | 000L | 000 0001 | 000, JO0OOL| 000! 0001 | 000} eplojyo
000t | 000, | 000t [000L]| 00O0L | 000L [ 000 0'00! 268 | 0001 000} 0'001 2’86 wnioe)
0 0 0 0 0 0 0 0 evL | €€ 002 L9\ 0L wniwpe)
0 0 0 0 0 0 0 0 0 0 002 0 8l wnjjiAieg
0 002 9'82 0 0 0 0 0 0 0 0 0 €6 wnieg
(uebouiored
0 0 (X44 0 002 4! 0 0 0 299 | 009 0°0S 8'2c se) ajuesly
0 0 9'82 0 0 0 €€ 0 0 0 0'0v 0 88 Auowjuy
0001 | 000L 1’68 0 0'0¥ V'Ll £'€E 0'S. 126 | €€€ | 000l £'99 199 winuwn|y
sje1op
auaJAd(pd
0 0 0 0 0 £l 0 0 0 0 0 L9l g€ -§'2' L Jouspul
0 0 0 0 0 evl 0 0 gy 0 0 0 St auayjueion|4
0 0 0 0 0 eyl 0 0 el 0 0 191 €S auasAiyd
0 0 0 0 0 ey 0 0 0 0 0 g€ £'G auayjueion)j(y)ozueg
0 0 0 0 0 eVl 0 0 0 0 0 0 8l ausyjuelonjj(q)ozueg
0 0 0 0 0 9'82 0 0 £Vl 0 0 191 0. euaskd(e)ozueg
0 0 0 0 0 9'82 0 0 eyl 0 0 L9l 0L suedelyjue(e)ozUSY
{01L£8) SHYd
2 S L 3 S L 3 4 L 3 G 9 LS 8ZiS ejdwes
aje

aje ale deeQ ipaunIaiu] | mojeys ale lejem

deaq | ipauneju|| mojjeys | deaq | ipawiaiul} MOjjeyS | OeMS alems ajemg | desQ | |psuusiuj| MO||BYS | -PuUnoidH
ysiep ysiew ysiey | 1sem 1SOM 1SOM -aunQg -aunQg -aung | esunQ aung aung i Jeleweied

"uMOYs aJe ajdwes auo Jses| Je ul s}l uondalep ueyy 1o1e016 siolpwesed Alup "yidep pue ssjinbeqns
Aq Jeyempunolb ui sigjewered [eoiwsyd J0j SHWI| Uoiio8Iep uey) 1o1ea1b sanjea jo (jusdiad) Aousnbal4 G'E 8jqel

67



0001 | 0004 | 000t | 0001 0°001 0'001 0'004 0'00L | 000t | 299 008 299 0'€6 uoq.e) ojuebiQ fejo
000t | 000t | 0001 000t | o000 0'001 0'00} 0001 [ 0001 | 000 | 000t 0001 000l | SPIOS paAjossiq [ejo1
w..ﬂuoc..ﬂc& .-0—_-0
0 0 0 £ee 0 0 0 0 0 0 0 0 8l ouzZ
0 0 9'82 0 0 £l 0 0 0 0 002 0 0/ wnipeuep
0°0S 0'0r £yl 0 ooy 0 £'ee 0 0 0 0 0 €21 wnijrey |
000t | 000t | 0001 | 0007 0'001 0°001 0°001 000t | 000t | 0°001 | 0001 0'001 0'001 wnipog
0 0 0 0 0 0 0 0 0 £'ee 0 0 81 10A)IS
| 0 0 0 0 0 0 0 0 9'82 0 0'0v 0 0 wnjusjes
000t | 000t | 0001 0’00t | 000t 0001 £'ee 0'0S v'iZ | 000L | 0001 £'€8 L'/8 wnissejod
0 0 0 £ee 0 0 0 0 0 0 002 0 Gt 194OIN
0001 [ 000t | vtz 0001 | 0001 0°001 2’99 0'0S R4 2’99 008 £'ee 0. aseuebuepy
0001 | 000t | 0001 0001 | 0°00} 0°001 0'001 0°001 v'iZ | 000t | o001 0°001 S'96 wniseuBeyy
0 0'0v vl £'ee 0 0 0 0 0 £€ee 0°09 0 oyl peen
(‘u0d) sjeyen
aje
ajeip ae deeqg IPauwueu| | mojjeys aje Jojem

desq 8wl | mojeyg deeq Pewis | mojeyg ajemg slemg | slemg deeg pauwueul | mojeys -punoig

ysiew | ysiepy Ysiep | jsem IS8 Isam -aunq -aunq -8ung | sung aung aunq v l8)sweiey

"(W02) ‘gg aiqe)

68



(520°0) €00 | (100) (/b) eueikd(po
an an an | an | an | ve00 | aN aN an | an | aN v00 | €00 -£'2*L)ouepuj
(€20) (£0°0) (80°0) (/6
an an aN | an | an P10 an an 900 | aN | aN aN 900 auayjueIOn|4
(550°0) (€10°0) (900) | (€0°0) (voN)|
an an an | an | an | w00 | aon aN 100 | an | an 500 | €00 eueshIy)
(820'0) 6100) | (610°0) (vBT)
an an an | an | an | se00 | an an an | an | an | zgoo | szoo | eusuuesonyiiozueg
(S¥0°0) (20°0) (vBr)
an an aN | an aNn | 2900 | aN an oaN | aNv | aN aN G0'0 | eusyueiony(g)ozueg
(¥v0°0) (€10°0) 100) | (Z10°0) (/8|
an anN anN aN anN 8¥0°0 anN aN L£0°0 aN aN LE0'0 6200 auaJAd(e)ozueg
(8v0°0) (G10'0) (170'0) | (20°0) (b))
aN an aN | an an 1500 | aN aN | sco0 | an | an | oo | seoo | eusceipue(e)ozueg
(01L£8) SHvd
z S 7 3 S 7 3 ¥ 7 £ S 9 75 oziS 6|dWES
alje

ae ae deaq | ipewueiul| mojeys ojel 181eM

deeq | peuwueiuj| moeys | deeq | pewseiu| mojleus | elems | elems | elemg | deeq [psuuelul| mojleys |-punoio
ysiely | usrewy | usiew | i1sem | isem 1S9M -aunQ -aung | -eung | eung | eung aung v Jejoweled

“SpWj UoYBIaP Mojaq sajdwes ||e sajedlpul N “sajdwes ajed)jdas uo paInsesw Jou oM siojowesed pjol4 ‘sesayjualed
Ul SUONJBIABP PJepuels YiMm suesw ale ejeq "yidap pue Jeyinbeans Aq leyempunoib uy siejaweised [eoiwey) "9'€ dlgqeL

69



891) [ B2 [ (12€) | Z60) | (0z0) v6'0) T 1051 [ €50) | (650) | wz€) | (66°0) (80°0) | (oz'1) (Bw)]
121 €2 09'4 002 09’} 180 121 82’1 9€0 902 100 8500 2L uolj
(900°0) | (900°0) [ (Zv1-0) (€0°0) (SE0°0) (/Bw)
aN 8200 | 2200 | 0110 anN anN anN anN anN aN ¥0'0 aN LEO'0 Jaddop
(200°0) (200°0) (€00°0) (vbwy|
aN an 6000 | aNn an an anN anN aN anN 9000 aN 9000 (1e101) winywoy)
(6e8s1)[ (02811) | (€62€) | (OLop) (819) (699) (91€9) (6e1) (e€) (ozvz) | @ees) | wity) | (2220) (Vbw)]
008vL | 098rL | iS2y | 211 | 6601 yOv 20/8 201 L2 Eev. | ovezL | Gese SpSYy 8pLOYD
(202) | (86} [ (68€2) | (Zz€2) | (9°2%) €16) | (£s92) | wv2) | (9€w) | €002) | Z681) (662) | (2102) (vBuw)
0029 | 0%6S | 2292 | L9vz | 026k | €vpi | opcz 976 b'9S | 296 | veee | sl | vape wnoed
(2000°0) [ (€000°0) | (+00°0) | (9000°0) | (3 100°0) [§7:[0)
anN aN anN anN anN anN anN GN | 90000 | 20000 | 2000 | 80000 | 20000 wnjwpey
(100°0) (€000°0) QM)
aN aN anN anN anN anN anN aN anN aN 1000 anN S000°0 wnyihieg
(€00) | (€10) (S0°0) (/bw)
aN 900 %) anN aN anN an an aN anN an aN 900 wnueg
(620°0) (£00°0) | (2000 (¥10°0) | (6€0°0) [ (200) | (9100 (/Bw) (uebouroies
anN anN G200 [ aN 8000 | 9000 aN anN anN 1200 | 8200 | SL00 1100 Se) ojuesiy
(G200°0) (6¥00°0) (¥00°0) (200°0) (Vbw)
aN aN_ | 8€000 | anN an aN £500°0 an aN ON 2000 anN £00°0 Auownuy
(020°0) | (80°0) | (05°0) [(%100)] (550°0) (S21°0) [ iv0°0) | GEr0) [ (18v0) | w00 (Se00) | (860°0) | (z20) N§T:M)
9900 | S0 Y70 | €800 | 2S00 | evi0 | 6¥00 | /110 | g6z0 S00 | soio | egoo 910 wnuiwnjy
s|e1ep
ajel

alel ale deaq (peuusiu|| mojeys olel lojem

deeq |pewieju Mojieys | deeq | ipeunsiu mojleys [ sejemsg 9emg | aemsg deaq |pesuuejuj| mojeys -punoJn
USIBW | ysiew | ysiew | isem 1ISaMm 1S -aung -aunqg | -eunQ aung aung aunQg 1\"] Jsjewered

"("u0o) "g'g e|qey

70



{01°0) (v20°0) (vBw)]
anN anN anN L0 anN aN anN an aN aN an anN €500 uiZ
_ (€00°0) (2000 (¥00°0) (200°0) (/bw)
an an 1000 aN anN 9000 an anN anN anN 1000 aN 5000 wnipeueA
(100°0) | (200°0) | (8000°0) (5000°0) {9000°0) (S000°0) (ow)]
2000 | 1000 | 1000 an 100'0 an 100°0 an anN aN an anN 100°0 wnyeyl
{9952) | (0825) | (ocoe) | (96t) | (66€) B | Bzze) | (©69) | G +v) | (92s9) | evew) | (1102} | (Liov) (/bw)
0599 | o9es | 121e £88 095 ove G/81 9'€S el | 2918 02.9 0161 0292 wnposg
{€00°0) (200°0) (/Bw)]
an anN aN aN aN anN aN an aN 1000 aN aN S00°0 18AIS
(€00°0) (to0) {200°0) (VBw)|
aN anN anN aN anN aN anN anN 1000 aN 100 aN 9000 wniue|es
(zoze) [z we) | (ze9) | (90 (zet) (1'8) (+'vS) (1) ©0 [ ©te) | ©9zzy) | €16) | (90st) (VB
vece | 96ie | 8L £€l 0Lt 1'8 G'IE A 1l L9le | evie 099 268 wnisselod
v10°0) {€000) | (€00°0) {¥00°0) (/Bw)]
aN aN aN 5100 an anN an anN aN 1000 | 9000 aN 9000 [9X9IN
Tzr10) | @r10) | (6200) [(2000) | (610°0) | (560°0) | (80°0) 200) [(©200) ]| (@a1°0) | (e200) | (€200) | (860°0) (Vb))
w10 | v820o | 2900 | 0200 | 9¥00 | ¥200 | ZSO0 2200 | S100 | ¥LL0 | G200 200 890°0 asauebuep
Zvion[ovel) | (01e) | (zs2) | (v61) (ze) | (Lozy) (get) @2) [ (osv8) | (+1-429) | (9°292) | (8'€6v) (/bw)
Gee.L | 8962 | 98¥C | 286 0L 92e 6'vve 00l 22 | L'9E0) | 9.8 1’1028 | v20€ wniseubep
(so00) | (1000} [ (SL0°0) (€000} [ (01°0) (G00°0) (VBw)]
an 9000 | €000 | L100 an aN anN aN an 000 | 6000 aN ¥00°0 pean
(u0d) sjeen
ale

ejep aje deeqQ IpOWLIBU| | MO|leYS ajel lejem

deog |euwue| mojieys | dssq | ipeuneiuj| mojeys | 8lems olems | ejemg | des@ |pewusiuj| mojleyS | -punold
ysieyw | ysiew | usiel | 1sem 1saM 1SOM -aunQg -aunQg -eung | 8aung aunQg aung iw is|puieled

"('uoo) 'g'e 9jqeL

71



(wo/soywin
(252€2) | (9vssl) | (zv12) | (Ovw1) (28r1) | (6112) | (088OL) (029) (Lz1) | (rresy) | (Loost) | (gges) (9sieL) Auanonpuo)
556S¢ | 0iz2/2 | 26811 | 0248 S1L€ evee 1802 2.8 192 20522 | s/8ve 2099 21001 Jp0edg
81) (2°0) (50 | (Z0) (6°0) (L'1) 1) (S0 (1) (€0) (9°0) (8°0) €1 0
6'v2 6've 692 L'ee L've 1L'Se 1'92 8've 192 092 292 8'9¢ L'Se aimesedwe |
(ov'2) | To50) [ 8v'1) | (910) (2€°0) ¥90) | (552) v') T (€80l | (82 2) oLy ve'1) [t (Vb
611 9.0 ige | 81t 150 00} VXA €22 it 882 l6°1 6.2 28l uabAxQ peajossiq
82’L 089 299 | 869 1eZ 96'9 /69 06'9 EL'y gL'l 9g’/ 9L 90'G H
(8 (s (2 (6 (8 2

-368'2) | -300'v) |-329°2) | -38E"1) (8-3e6'¥) | -362'F) | (8-32672) (8-316'%) | -356°1) | (8-35€°8) (8-322'%) | (8-39v°2) | (5-39%°G)
8-302°G | £-35S°} |£-3€1°2|2-3v0° 1| 8-391°9 4360} | £-390°) | 236274 | s-3ovz | 8-aves | 8-3ipy 8-36v'¢ | 9-308'8 uoj ueboipAH
2 12 9 3 2 9 3 12 9 £ 2 9 1S (piayy) 821 ejdweg
(v'9) (6'81) | (Ssg) | (5€) (6'8) (0-o€) (G2) (t'v) 6L [ sy | (ov ) (62'1) (vr'ez) (/Bui) uoqre)
G'Gi v'92 €15 A 26 V'L €2l G'9 v1'61 £8°LL 0Ly £8'1 681 olueblQ fejoy
(26522) [ (1G6EL) | (Z2zg) (Sze1) | (8e2t) | (862)) (02L1) T (eov) (98) (5es61) | (1wvEL) | (Spao) (Gz211) (/b spijog
0s0ig | 02061 | vies | ooee 092 v9l |1 /869 809 961 €elge | vesie SG¥S 9908 PaAjossiq [ejo |
Siajeweled JoYy10

aje

aje| ae dasQ IPawBiul | mojeys aje Jajem

desq |pauwusy Mojleys| deaq | ipeunsiu Mojleys | sjemg afemg ajemg deaq Psuleuf| mojieys | -punosy
usiel | ysienw | yssep 1S9 M 1o 1SaM -aunQg -aunQg -aunq eung eunQ aunQg N4 Jajpweleq

"("uoo) -g'g e|qe )

72



10U = SN 'suooeseiul yidep , seynbeqns pue ‘yidep o} 8np S1od4d ‘Jopnbeqns o} anp S108Y8 ‘|9POW [[BISAC BU} 1O} SIBAS)

aourollubis ay) aie umoys -gsojowesed 1ayempunoib pajosjes Jo adueleA JO sisAjeue Aem-

- - - SN uabAxQ panjossid

SN 100°0> 100°0> 100°0> ainjessdwa |

L€0°0 SN 800°0 100°0 Hd

AUAIIONPUOD

SN 100°0 100°0> 100°0> oyoeds

Spljos

SN 1000 100°0> 100°0> peAjossi [eloL

uoqie)

SN SN 100°0> 100°0> oebiQ |elol

SN €000 100'0> 100°0> wnipos

SN 200 100°0> 100°0> wnissejod

SN 6000 2000 9000 asauebuepy

SN €000 100°0> 100°0> wnisaubep

SN 6200 v00 2500 uol|

SN 100°0> 100°0> 100°0> epuolyd

SN 9000 100°0> 200 wniofe)

- - - SN wnuiwn|y
(mdeq , 1ejinbeans)

suoljoeIau| yideq layinbeqng {9PON lajawered

esyiubis

om} jo Arewwng /'€ 8lqeL

73



Table 3.8. Frequency (percent) of values
groundwater with one or more sam
for all samples (N=57), samples with total dissolv
samples with total dissolved solids >10000 mg/L

ples above detection limit

greater than detection limits for chemical parameters in

S by groundwater class. Values are
ed solids <10000 mg/L (Class G-I, N=41), and
(Class G-lil, N=16).

Parameter Groundwater (%) Class G-l (%) Class G-Il (%)
Sample Size 57 41 16
PAHs (8310)
Benzo(a)anthracene 7.0 7.3 6.3
Benzo(a)pyrene 7.0 7.3 6.3
Benzo(b)tluoranthene 1.8 2.4 0
Benzo(k)fluoranthene 5.3 2.4 12.5
Chrysene 5.3 4.9 6.3
Fluoranthene 3.5 4.9 0
Fluorene* 1.8 2.4 0
Indeno(1,2,3-cd)pyrene 3.5 2.4 6.3
Phenanthrene* 1.8 2.4 0
Pyrene* 1.8 2.4 0
Metals
Aluminum 66.7 61.0 81.2
Antimony 8.8 2.4 25.0
Arsenic (as carcinogen) 22.8 17.1 37.5
Barium 5.3 0 18.7
Beryllium 1.8 2.4 0
Cadmium 7.0 9.8 0
Calcium 98.2 97.6 100.0
Chioride 100.0 100.0 100.0
Chromium (total) 5.3 7.3 0
Copper 7.0 2.4 18.7
Iron 77.2 85.4 56.2
Lead 14.0 4.9 37.5
Magnesium 96.5 95.1 100
Manganese 70.2 68.3 75.0
Nickel 3.5 4.9 0
Potassium 87.7 82.9 100.0
Selenium 7.0 7.3 6.3
Silver 1.8 0 6.3
Sodium 100.0 100.0 100.0
Thallium 12.3 17.1 0
Vanadium 7.0 9.8 0
Zinc 1.8 2.4 0
Other Parameters
Total Dissolved Solids 100.0 100.0 100.0
Total Organic Carbon 93.0 92.7 893.7

*These parameters had one value above the method detection |

quantitation level.
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Table 3.9. Means and standard deviations (in parenthesis) for chemical parameters in
groundwater by groundwater class. Values are for all samples (N=57), samples with total
dissolved solids <10000 mg/L (Class G-ll, N=41), and samples with total dissolved solids >10000
mg/L (Class G-Ii, N=16). ND = below detection.

Parameter Groundwater Class G-l Class G-lil
Sample Size 57 41 16
PAHs (8310)

Benzo(a)anthracene 0.035 0.035 0.036
[ (pgt) (0.02) {0.02) (0.025)
Benzo(a)pyrene 0.029 0.03 0.027

) (0.017) (0.02) (0.009)
Benzo(b)fluoranthene 0.05 0.05 ND
/L) (0.02) (0.02)
Benzo(k)fluoranthene 0.028 0.027 0.03
| (ngh) (0.019) (0.012) (0.013)
Chrysene 0.03 0.03 0.03
[ (ugn) (0.03) (0.02) (0.04)
Fluoranthene 0.06 0.07 ND
L) (0.08) (0.10)
Iindeno(1,2,3-cd)pyrene 0.03 0.03 0.03
| (ugnt) (0.01) (0.01) (0.02)
Metals

Aluminum 0.16 0.18 0.11
(mg/L) (0.27) (0.32) (0.07)
Antimony 0.003 0.003 0.006
(mg/L) (0.002) (0.0004) (0.0004)
Arsenic (as carcinogen) 0.011 0.013 0.0097
(mg/L) (0.0186) (0.02) (0.008)
Barium 0.06 ND 0.08

| (mg/L) (0.05) (0.09)
Beryllium 0.0005 0.0006 ND

| (mg/L) (0.0003) (0.0004)

Cadmium 0.0007 0.0008 ND
(mg/L) {0.0011) (0.0013)

Calcium 242.4 168.8 431.3
(Mg/L) (201.2) (164.3) (161.9)
Chioride 4545 911 13856
(mg/L) (7272) (1331) (8011)
Chromium (total) 0.006 0.006 ND
(mg/L) (0.003) (0.003)

Copper 0.031 0.031 0.03

| (mg/L) (0.035) (0.04) (0.02)
Iron 1.12 0.84 2.00
(mg/) (1.76) (0.84) (2.96)
Lead 0.004 0.004 0.005
| (mg/L) (0.005) (0.005) (00.3)
Magnesium 307.4 47.6 973.1
(mg/L) (493.8) (53.8) (495.5)
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Table 3.9. (cont.).

Parameter Groundwater Class G-I Class G-Il|
Metals (cont.)
Manganese 0.068 0.045 0.130
| (mg/L) (0.098) (0.062) (0.142)
Nickel 0.006 0.006 ND
(mg/L) (0.004) (0.004)
Potassium 89.2 12.5 285.9
[ (mg/L) (150.6) (20.9) (161.6)
Selenium 0.006 0.006 0.008
(mg/L) (0.007) (0.004) (0.011)
Silver 0.005 ND 0.005
[ (mg/L.) (0.007) (0.001)
Sodium 2670 509 8206
| (Mmg/L) (4011) (713) (3638)
Thallium 0.001 0.001 ND
| (mg/L) (0.0005) (0.0006)
Vanadium 0.005 0.006 ND
[ (mg/L) (0.002) (0.002)
Zinc 0.053 0.054 ND
[ (Mmg/L.) (0.024) {0.028)
Other Parameters
Total Dissolved Solids 8066 2019 23563
(mg/L) (11275) (2202) (10276)
Total Organic Carbon 18.9 19.5 175
| (mg/L) (23.4) (26.0) (15.6)
Sample Size (field) 51 36 15
Hydrogen lon 8.80E-6 1.24E-5 1.47E-7
(5.46E-5) (6.49E-5) (1.74E-7)
Dissolved Oxygen 1.8 1.7 2.2
[(mg/L) (1.4) (1.2) (1.9)
Temperature 25.7 25.5 26.3
C) (1.3) (1.4) (1.0)
Specific Conductivity 10012 2866 27162
umhos/cm) (13156) {2935) (12253)
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SECTION 4
Surface water

4.1 Methods
4.1.1 Sampling Site Selection

Location of the surface water sampling stations was determined based on the
watershed basins surrounding Kennedy Space Center. A total of 40 stations
were selected to incorporate samples from open lagoonal water, rivers, creeks,
ditches, burrow pits, and impoundments (Figure 4.1). Sampling sites were
chosen away from known SWMU sites. Because 1998 was a year of the “El
Nino” weather phenomenon, the climate in Florida was very hot and dry. The
resulting drought reduced the number of ditches available for sampling. A total
of 18 ditches were sampled, with 5 located near KSC's industrial areas. Location
and description of each sampling station are given in Appendix E, Table E-1.

The geographical location of all sampling stations was recorded using a Trimble
Pathfinder Professional XL Geographic Positioning System (GPS) unit using real
time differentially corrected methods (Trimble Navigation Limited 1994). Data
were exported to North American Datum 1927 (NAD27) State Plane coordinates
and overlayed in a Geographic Information System (GIS). Coordinate data of
each sampling station are given in Appendix E, Table E-2.

4.1.2 Sampling

Surface water sampling and analysis were subcontracted by Dynamac to
Environmental Conservation Laboratories (ENCO), in Orlando, Florida. ENCO
technicians followed the requirements of the "NASA/KSC Sampling and Analysis
Plan for RCRA Facility Investigations at Kennedy Space Center, Florida and
Cape Canaveral Air Station, Florida, Volume 4" of the Generic Work Plans (SAP)
(NASA 1996) and ENCO's FLDEP Comprehensive Quality Assurance Plan No.
960038.

Sample collection was done from shore, by wading, or in deeper water, by boat.
Care was taken not to disturb sediments in the immediate area, and collection
was done upstream of the sampler. A total of 46 samples (includes 6 duplicates)
were collected with decontaminated equipment, using latex gloves, and in the
appropriate order as not to cause cross-contamination.

Surface water was collected directly into sample bottles that contained the
proper preservative. Sample bottles were kept on ice and transported to the lab
for analysis. Field parameters such as pH, temperature, turbidity, dissolved
oxygen, and conductivity were also measured at each sampling location.
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4.1.3 Chemical Analysis

Surface water was analyzed for 94 parameters that included organochlorine
pesticides (EPA method 8081), aroclors (EPA method 8082), chlorinated
herbicides (EPA method 8151), and polyaromatic hydrocarbons (EPA method
8310), and metals. The EPA methods used for metal analyses varied according
to the appropriate analyte and included EPA methods: 200.7, 204.2, 258.1,
279.2, 7211, 7470, 7761, and 7770. Other miscellaneous parameters such as
total chloride was analyzed using EPA method number 325.3, total dissolved
solids was determined by method 160.1, and total organic carbon was
determined by method 415.1 (Table 4.1). Field analysis of surface water
samples for specific conductivity, dissolved oxygen, pH, turbidity, and
temperature were conducted with calibrated instruments.

4.1.4 Data Analysis

Analyses were conducted using SPSS Version 9 (SPSS Inc., 1999), and SAS
Version 6.02 (SAS Institute, 1998).

The frequency of analytes occurring above the detection limits was determined
(Table 4.2). The NASA/KSC Remediation Program Team agreed that only those
parameters with more than one detection would be used for analysis. Three
analytes (naphthalene, fluorene, and copper) had only one detection and were,
therefore, treated as non-detect (Appendix E, Table E-3). These results,
however, are given in Appendix E, Table E-10. Those with more than one
detection were analyzed, but their non-detect values were substituted by one-
half the reported level.

Basic statistic analyses, such as normal probability plots, Shapiro-Wilks, and the
Lilliefors tests, were conducted using SPSS to check for normality of distribution.
The presence of significant outliers was also tested in SPSS by using
histograms, stem-and-leaf plots, and boxplots. Extreme outliers were removed,
however, in situations where a particular parameter had very few detection hits,
these hits were erroneously flagged as outliers and were therefore, not removed.
These will be discussed in detail on an individual basis.

For those parameters with sufficient sample size (n>30), muitiple statistical
comparisons were done using SAS. Non-parametric analysis of variance
(ANOVA) with the Bonferroni procedure for multiple comparisons was used to
check if there were statistically significant differences (oc= 0.05) between the
different basin groups. This analysis was able to subdivide the basins and
ditches into groups that were statistically similar. These data were then
combined and an overall mean reported. For the screening background values
table, data are given as twice the mean (Appendix A, Table A-3).
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4.2 Results and Discussion

Of the 94 surface water parameters sampled, only 27 were detected. One
organochlorine pesticide (Dieldrin) out of the 25 sampled, and none of the
aroclors (6), or chlorinated herbicides (18) were detected. Polyaromatic
hydrocarbons (17) had 5 parameters that were detected in at least one station,
and the 24 metals tested were detected in high frequency except for eight (Ba,
Cd, Cr, Co, Hg, Ni, Vn, and Zn), these were always below detection (Table 4.2).
Screening background tables are given in Appendix A, Table A-3.

Organochlorine Pesticides

Dieldrin is a chlorinated cyclodiene that was used as a pesticide in crops such as
corn and cotton and as an insecticide to control root worms, beetles, and
termites in the 1950s-1970. The Environmental Protection Agency banned all
uses of Dieldrin in 1974 with the exception of termite control, although it is no
longer registered for general use (Parrish et al., 1979).

Dieldrin is extremely persistent, but it slowly photorearranges to photodieldrin
(water half-life is 4 months), and photodegrades. When released in soil, it
persists for longer periods (> 7 yrs.), and reaches the air either through slow
evaporation or adsorption on dust particles (Parrish et al., 1979). Dieldrin does
not leach, and enters surface water from runoff. Once dieldrin reaches surface
waters it adsorbs strongly to sediments, bioconcentrates in fish, other aquatic
organisms, wildlife, foods, and humans (Chadwick and Brockson, 1969; Epifanio,
1973; Lane and Livingston, 1970; Murphy and Korschgen, 1970; Reinert, 1972;
Tarzwell and Henderson, 1956). Human exposure to dieldrin appears to come
mostly from food (Parrish et al., 1979; Walker et al., 1973).

The two surface water quality sampling stations with dieldrin were IRLOO1,
located in the northern Indian River Lagoon, and SR3-D2, a saline-water ditch
located on Route 3 just south of Haulover Canal (Figure 4.2). Measured
concentrations were 0.39 ug/L at IRLO01 and 0.07 ug/L at SR3-D2. Station
IRLOO1 is located in the north of Haulover Canal and on the east coast of the
Indian River Lagoon, while station SR3-D2 is on the east side of Route 3 south
of Haulover Canal. This region has numerous citrus groves, and these levels of
dieldrin might be related to past usage.

When analyzing these data, statistical analyses were restricted to those stations
that were part of the same watershed basins as IRLOO1 and SR3-D2. Station
IRLOO1 is part of the Indian River Lagoon basin, and SR3-D2 is a saline (sal >6
ppt) ditch. These two values, along with one-half the reported non-detection
level of the other stations were used to compute the mean, minimum, maximum,
and standard deviation of the corresponding watershed basins (Appendix E,
Tables E-8 and E-9). Screening Table “Combined Water (sal >6 ppt)”, values
were calculated by averaging these two data points with those stations with the
appropriate salinity (Appendix A, Table A-3).
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Polycyclic Aromatic Hydrocarbons
Benzo(a)anthracene, benzo(k)fluoranthene, benzo(a)pyrene, chrysene, and
indeno(1,2,3-cd)pyrene are all polycyclic aromatic hydrocarbons (PAHSs). The
name PAH generally refers to hydrocarbons containing two or more fused
benzene rings that form as a result of incomplete combustion of organic
compounds, by diagenesis, or by biosynthesis (Varanasi, 1989).

PAHs occur as needles, plates, crystals, leaflets, or prisms ranging from
colorless to pale yellow to golden yellow. Benzo(a)anthracene and indeno(1,2,3-
cd)pyrene show fluorescence ranging from greenish yellow to brilliant bluish
violet to brown (Varanasi, 1989). PAHs are found in gasoline and diesel motor
vehicle exhaust, by-products of open fires or refuse burning, coal tar, coal tar
pitch, coke tars or coke oven emissions, creosote, mineral oils, bitumens,
industrial smoke and soot, cigarette and cigar tobacco, tar, or smoke
condensates, and charcoal-broiled foods. (ATSDR, 1989; Cerniglia et al., 1980;
Farrington et al., 1983; Healy and Young, 1979 NAS, 1983; Varanasi, 1989).

Levels of individual PAH have been measured in aquatic organisms worldwide.
Reported values range from undetectable quantities (approximately 0.01 ng’kg
dry weight) to values in excess of 5000 ng/kg dry weight for individual PAH in
tissues of aquatic organisms (Pancirov and Brown, 1977; Varanasi, 1989).

Generally elevated concentrations of PAH can be correlated with the proximity of
the organism to areas receiving chronic hydrocarbon discharge (Cerniglia et al.,
1980; Clark et al., 1978; Farrington et al., 1983; Healy and Young, 1979:;
Varanasi, 1989). The majority of PAH measurements have been made on
bivalve mollusks. Bivalves are sessile, can rapidly accumulate PAHs, and have
little capacity for PAH metabolism (Clark et al., 1978; Cross et al., 1978:
Pancirov and Brown, 1977). PAH concentrations in fish have been less well
surveyed, but are usually low relative to invertebrates inhabiting the same
environment. The low body burdens of PAH to fish are believed to be due to
their ability to rapidly metabolize PAH. Although PAHs are metabolized and
eliminated in fish, it is not known how they interact with birds, mammals, or
humans. Dermal contact with high concentrations of PAHs may cause irritation,
burning, inflammatory spots on the skin, eruption of blood vessels and sensitivity
to sunlight. However, there are a number of epidemiologic and mortality studies
that show increased incidences of cancer in humans exposed to mixtures of
PAHs (ATSDR, 1989; Varanasi, 1989).

Benzo(a)anthracene. Benzo(a)anthracene was detected at two surface water
sampling stations, both located in the southern Mosquito Lagoon. The first
station was MLS03 (duplicate sample) with 0.12 ug/L, and the second was
SJMLO2 with 0.13 ug/L.. The former station is located in the southern portion of
Mosquito Lagoon, east of Gallinipper Point, and the latter southeast of Haulover
Canal, north of Cucumber Island. Both stations are located approximately
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halfway across the lagoon. MLS03 is in the Middle Banks, a relatively shallow
(0.60m) region with abundant seagrass beds. SJMLO2 is in approximately 2
meters of water with sparse seagrass. Both stations are located away from the
intercoastal navigation channel in regions used mainly by recreational fishermen
(Figure 4.2).

Data analyses for benzo(a)anthracene were restricted to those stations that were
part of the Mosquito Lagoon basin group. These two values, along with one-half
the reported non-detection level of the other stations were used to compute the
mean, minimum, maximum, and standard deviation of the corresponding
watershed basin (Appendix E, Table E-9). Screening Table “Combined Water
(sal >6 ppt)” values, were calculated by averaging these two data points with
those stations with the appropriate salinity (Appendix A, Table A-3).

Benzo(k)fluoranthene. Benzo(k)fluoranthene was detected at two surface water
sampling stations, located in the Banana River and in a saline ditch (sal >6 ppt).
The first station was PEF20 with 0.13 ug/L, and the second was MAXO01 with
0.21 ug/L. Station PEF20 is located in the Pepper Flats region of the northern
Banana River, east of the Turn Basin and near a security boat dock. This region
is relatively shallow and has abundant seagrass. MAX01 is an impoundment
located on the south side of Beach Road approximately 0.5 Km west of the
ocean. This impoundment has a soft muddy bottom with very sparse seagrass
(Figure 4.2).

Data analyses for benzo(k)fluoranthene were restricted to those stations that
were part of the Mosquito Lagoon and Banana River basins. These two values,
along with one-half the reported non-detection level of the other stations were
used to compute the mean, minimum, maximum, and standard deviation for
each corresponding basin (Appendix E, Tables E-5 and E-9). Screening Table
“Combined Water (sal >6 ppt)” values, were calculated by averaging these two
data points with those stations with the appropriate salinity (Appendix A, Table A-
3).

Benzo(a)pyrene. Benzo(a)pyrene was detected at three surface water sampling
stations, located in the Banana River and in Mosquito Lagoon. The first station
was PEF20 with 0.18 ug/L, the second was MLSO03 (duplicate sample) with 0.13
ug/L, and the third was SIMLO2 with 0.22 ug/L. Station PEF20 is located in the
Pepper Flats region of the northern Banana River, east of the Turn Basin and
near a security boat dock. This region is relatively shallow and has abundant
seagrass. MLSO03 is in the southern portion of Mosquito Lagoon, east of
Gallinipper Point, and SUMLO2 is southeast of Haulover Canal, north of
Cucumber Island. MLSO03 is in the Middle Banks, a relatively shallow (0.60m)
region with abundant seagrass beds, and SUMLO02 is in approximately 2 meters
of water with sparse seagrass (Figure 4.2).
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Data analyses for benzo(a)pyrene were restricted to those stations that were part
of the Mosquito Lagoon and Banana River basins. These three values, along
with one-half the reported non-detection level of the other stations were used to
compute the mean, minimum, maximum, and standard deviation for each
corresponding basin (Appendix E, Tables E-5 and E-9). Screening Table
“Combined Water (sal >6 ppt)” values, were calculated by averaging these three
data points with those stations with the appropriate (Appendix A, Table A-3).

Chrysene. Chrysene was detected at two surface water sampling stations
located in the southern Mosquito Lagoon and in a saline ditch (sal >6 ppt). The
first station was SUMLO2 with 0.21 #g/L, and the second was MAX01 with 0.07
#g/L. Station SUIMLO2 is southeast of Haulover Canal, north of Cucumber Island,
and MAXO1 is an impoundment located on the south side of Beach Road
approximately 0.5 Km west of the ocean. SUMLO2 is in approximately 2 meters
of water with sparse seagrass, and MAX01 is an impoundment with a soft muddy
bottom and very sparse seagrass (Figure 4.2).

Data analyses for chrysene were restricted to those stations that were part of the
Mosquito Lagoon basin. These two values, along with one-half the reported non-
detection level of the other stations were used to compute the mean, minimum,
maximum, and standard deviation of the corresponding watershed basin
(Appendix E, Table E-9). Screening Table “Combined Water (sal >6 ppt)”
values, were calculated by averaging these two data points with those stations
with the appropriate salinity (Appendix A, Table A-3).

Indeno(1,2,3-cd)pyrene. Indeno(1,2,3-cd)pyrene was detected at two surface
water sampling stations located in southern Mosquito Lagoon. The first station
was SJMLO2 with 0.13 »g/L, and the second was MLS03 (duplicate sample) with
0.12 ug/L. MLSO03 is in the southern portion of Mosquito Lagoon, east of
Gallinipper Point, and SUML02 is southeast of Haulover Canal, north of
Cucumber Island. MLS03 is in the Middle Banks, a relatively shallow (0.60m)
region with abundant seagrass beds, and SUMLO2 is in approximately 2 meters
of water with sparse seagrass (Figure 4.2).

Data analyses for indeno(1 ,2,3-cd)pyrene were restricted to those stations that
were part of the Mosquito Lagoon basin. These two values, along with one-half
the reported non-detection level of the other stations were used to compute the
mean, minimum, maximum, and standard deviation of this watershed basin
(Appendix E, Table E-9). Screening Table “Combined Water (sal >6 ppt)”
values, were calculated by averaging these two data points with those with the
appropriate salinity (Appendix A, Table A-3).

Fluorene and Naphthalene. Fluorene and naphthalene were each detected in
only one surface water sampling station. Fluorene was detected at BPD0O02 with
0.23 pg/L and naphthalene was detected at SR3-D2 with 1.6 ug/L. Station
BPDO002 is a fresh-water impoundment located in a wildlife observation area



known as Black Point Drive, and SR3-D2 is a saline-water ditch located on Route
3 just south of Haulover Canal (Figure 4.2). Because these stations only had
one detection (out of 46 samples), the NASA/KSC Remediation Program Team
agreed to treat these parameters as non-detect.

Metals

Ajuminum. Aluminum is the third most abundant element in the earth’s crust,
exceeded by oxygen (47%) and silicon (28%). Because of its strong affinity to
oxygen, aluminum never occurs as a metal in nature, and is found in the form of
alumina. Aluminum is commonly distributed throughout rocks and soils such as
silicates and clays. It is ductile, nonmagnetic, and an excellent conductor of heat
and electricity (Brown et al., 1962; Thurston et al., 1979).

Aluminum is widely used in many kinds of products because it's properties give it
special advantages over other materials. Aluminum is a major factor in the
human diet, and is found in buffered aspirin, antacids, antidiarrheal drugs, cake
mixes, self-rising flour, processed cheese, baking powder, food starch modifiers,
pickiing salts, and anti-caking agents. It can also be acquired from beverage
cans, aluminum foil, and aluminum pots and pans. Aluminosilicates are found in
the dust from talcum powder, baby powder, cat-box litter, cement, asphalt mixes,
tobacco smoke and ash (Brown et al., 1962; Faust and Aly, 1981; Moore and
Ramamoorthy, 1947).

Aluminum was detected at 36 surface water sampling stations that included
representatives from all six watershed basin groups. This sample size allowed
more intricate statistical analysis. One outlier was detected at station BCE0O4
(1.9 mg/L), but it was not removed because it wasn't extreme.

Data values, along with one-half the detection level of the other stations, were
used to compute the mean, minimum, maximum, and standard deviation of each
watershed basin (Appendix E, Tables E-4 through E-9). Multiple statistical
comparisons were done using a non-parametric analysis of variance (ANOVA)
with the Bonferroni procedure for Post Hoc multiple comparisons («c= 0.05). This
analysis compared the mean of each watershed and ditch and was able to
subdivide and combine them into groups that were statistically similar.

Results showed that aluminum data from the Banana Creek basin were
significantly different than all others (p< 0.05). Aluminum concentrations in the
Banana Creek stations were higher than at other basins (1.1 mg/L vs. 0.3 pg/L).
Therefore, in order to calculate the screening table values for aluminum, data
were separated into two groups. The first group included the average of only the
Banana Creek basin stations, while the second included the combined average
of all other remaining surface water stations. Screening table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).
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Antimony. Antimony is a brittle, hard metal that is obtained as a byproduct or
coproduct of base metals and ores. It is found primarily in stibnite, silver and
lead ores, but it is also associated with mercury and gold-bearing ores (Thurston
etal., 1979).

Itis present in mining and Smelting wastewaters, in the manufacturing of
bearings, storage batteries, pewter, lead electrodes, tanks, pipes, pumps, glass,
and paint industries. It is used in semiconductors and thermoelectric devices, in
dyes, glass, metalware and enamels (Thurston et al., 1979). It gets into water
from corrosion of lead pipes and fittings, but even then it is rarely detectable.
More antimony is found in food than water (Faust and Aly, 1981). Antimony also
has a therapeutic use in the treatment of tropical diseases such as
schistosomiasis, bilharziasis, and leishmaniasis. Antimony and many of its
compounds are toxic (Brown et al., 1962; Faust and Aly, 1981).

Antimony was detected in 19 surface water sampling stations, that included
representatives from all six watershed basin groups. This sample size did not
allow for intricate statistical analysis. Data were separated into their
corresponding watershed and ditch groups, and along with one-half the reported
non-detection level of the other stations were used to compute the mean,
minimum, maximum, and standard deviation (Appendix E, Tables E4 through E-
9). Screening Table “Combined Background Water” values, were calculated by
averaging those stations with the appropriate salinity (Appendix A, Table A-3).

Arsenic. Arsenicis a shiny, gray, brittle element and one of the most widely
distributed in the earth’s crust and in the biosphere. It possesses both metallic
and non-metallic properties. Its compounds may be organic or inorganic, are
present everywhere in nature, are insoluble in water, and occur mostly as
arsenides and arsenopyrites (Thurston et al., 1979).

Arsenic is very poisonous and can Kill in relatively small amounts. It is absorbed
in the gastrointestinal tract, lungs, or skin. The systemic effects of arsenic
poisoning include pain, nausea, diarrhea, abnormal heart function, impaired
nerve function, blood-vessel damage, liver or kidney damage, and a pattern of
skin abnormalities (Faust and Aly, 1981; Thurston et al., 1979). It distributes
itself throughout the body and is excreted via urine, feces, sweat, or skin
epithelium (Faust and Aly, 1981).

Arsenic, like mercury, undergoes transformation in the environment through the
metabolic activities of microorganisms, especially bacteria and fungi. This
indicates that there is a biological cycle for arsenic in the aquatic environment.
(Moore and Ramamoorthy, 1947).

Arsenic was detected in 9 surface water sampling stations and did not include

any samples from Mosquito Lagoon or fresh water ditches. This sample size did
not allow for intricate statistical analysis. Data were separated into their
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corresponding watershed and ditch groups, and along with one-half the reported
non-detection level of the other stations were used to calculate the mean,
minimum, maximum, and standard deviation (Appendix E, Tables E-4, E-5, E-7,
and E-8). Screening Table “Combined Background Water” values, were
calculated by averaging those stations with the appropriate salinity (Appendix A,
Table A-3).

Beryllium. Beryllium is present in a variety of compounds such as chlorides,
nitrate salts, sulfates, carbonates, and hydroxides. The solubility of these
compounds varies depending on such factors as hardness and pH (Thurston et
al., 1979).

Beryllium and its alloys are extensively used in the manufacturing of springs,
gyroscopes, computer parts, electrical contacts, spot-welding electrodes, and
nonsparking tools. As a structural material, beryllium is used for communication
satellites, missiles, high-speed aircraft, and spacecraft (Thurston et al., 1979).

Beryllium enters the water supply mainly from effluents of certain metallurgical
industries such as atomic reactors, aircraft, rockets and missile fuels. The major
toxic potentiai of beryllium to humans is by inhaling beryllium-containing fumes.
Beryllium metal dust can cause major lung damage and beryllium salts are very
toxic. Once exposed to the skin, beryllium causes dermatitis, conjunctivitis,
acute pneumonitis, chronic pulmonary beryliiosis, and burns (Brown et al., 1962;
Faust and Aly, 1981; Thurston et al., 1979).

Beryllium was detected in 5 surface water sampling stations that were all located
in the Banana River basin. This sample size did not allow for intricate statistical
analysis, and these data, along with one-half the reported non-detection level of
the other stations were used to calculate the mean, minimum, maximum, and
standard deviation (Appendix E, Table E-5). Screening Table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).

Calcium. Calcium is the fifth most common element in order of abundance in the
earth’s crust. It is present in water supplies as a result of its passage through or
over deposits of limestone, marble, chalk, calcite, alabaster, selenite, dolomite,
gypsum, and gypsiferous shale. It can also be found in natural brines, salt beds,
and as a byproduct of chemical industries (Thurston et al., 1979).

Calcium is the most abundant mineral (90%) in the body, and is found mostly in
bones and teeth. A diet rich in calcium is very important when bones are
growing and developing. Even after full bone development, an adequate calcium
intake is necessary to keep bones strong and healthy. When calcium is low, the
blood tends to become overly acidic. This promotes disease conditions such as:
cancer, arthritis, heart disease, Alzheimer's, Parkinson's, colitis, asthma, muscle
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pains, bursitis, sinusitis, diabetes, migraine and even depression (Brown et al.,
1962; Thurston et al., 1979).

Calcium was detected in all 46 surface water sampling stations, which allowed
more intricate statistical analysis. Data were separated into their corresponding
watershed basins and ditch groups, and their mean, minimum, maximum, and
standard deviation computed (Appendix E, Tables E-4 through E-9). Multiple
statistical comparisons were done using a non-parametric analysis of variance
(ANOVA,) with the Bonferroni procedure for Post Hoc multiple comparisons («c=
0.05). This analysis was able to subdivide and combine the different watershed
basins and ditches into groups that were statistically similar.

Calcium data showed that there were significant differences (p< 0.05), and three
distinct groups existed. The first, with the highest caicium average concentration
(345 mg/L) included those stations from Banana Creek, Indian River Lagoon,
and Mosquito Lagoon basins. The second, with a combined average of 242
mg/L, included those stations from the Banana River and saline (sal >6 ppt)
ditches. The third, had the lowest calcium average (98 mg/L), and included the
stations from fresh water ditches. These three groups were, therefore, used to
compute the Screening Table values for calcium. “Combined Background
Water” values were calculated by averaging only those stations with the
appropriate salinity (Appendix A, Table A-3).

Chiloride. Chloride (CI'), is found in nature in the combined state, chiefly with
sodium as common salt (NaCl), carnallite, and sylvite (Thurston et al., 1979).
Chlorides in solid form are salts containing chloride and a metal. In water, these
salts dissolve forming chioride ions and metal ions. Some common chlorides are
sodium chloride (table salt), calcium chioride and magnesium chloride (Brown et
al., 1962; Thurston et al., 1979).

Chilorides are found in nearly all rivers, lakes and streams. They may get into the
water from chioride-containing rocks, seawater, farm fertilizer runoff, halite, sea
spray, brines, hot springs, papermaking and galvanizing processes, softening
operations, oil wells and refineries (Brown et al., 1962; Thurston et al., 1979).

Chloride was detected in 45 surface water sampling stations, which allowed
more intricate statistical analysis. The only station that did not have detectable
concentrations of chloride was KPI001, located in an impoundment at Kars Park
Il recreational area (Figure 4.2).

Data were separated into their corresponding watershed basins and ditch
groups, and their mean, minimum, maximum, and standard deviation computed
(Appendix E, Tables E-4 through E-9). Multiple statistical comparisons were
done using a non-parametric analysis of variance (ANOVA) with the Bonferroni
procedure for Post Hoc multiple comparisons (x=0.05). This analysis was able
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to subdivide and combine the different watershed basins and ditches into groups
that were statistically similar.

Chloride data showed that there were significant differences (p< 0.05), and three
distinct groups existed. The first, with the highest chloride average concentration
(14295 mg/L) included those stations from Banana Creek, Indian River Lagoon,
and Mosquito Lagoon basins. The second, with a combined average of 8715
mg/L., included those stations from the Banana River and saline (sal >6 ppt)
ditches. The third, had the lowest chloride average (1527 mg/L), and included
the stations from fresh water ditches. These three groups were, therefore, used
to compute the Screening Table values for chloride. “Combined Background
Water” values, were calculated by averaging only those stations with the
appropriate salinity (Appendix A, Table A-3).

Copper. Copper is a trace element that is usually present in the divalent state as
a natural or native metal. It is reddish, malleable, ductile, and a good conductor
of heat and electricity. Primary copper ores are sulfides, oxides, and carbonates.
Copper is often alloyed with other metals to form brasses and bronzes. Copper is
used extensively in electrical wire, coinage metal, as an agricultural poison, and
water purifier (Brown et al., 1962; Thurston et al., 1979).

Copper is an essential trace mineral that is present in all of the body tissues.
Good sources of copper are oysters and other shelifish, whole grains, beans,
nuts, potatoes, dark leafy greens, dried fruits such as prunes, cocoa, black
pepper, and yeast (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Copper is essential for the synthesis of chlorophyll and the propagation of leaves
in plants. In animals, it is necessary for metabolism, blood chemistry, and
keeping the blood vessels, nerves, immune system, and bones healthy. The
toxicity of copper to aquatic life depends strongly on pH. At lower alkalinity,
copper toxicity is greater to aquatic life depending on species, size, and type of
exposure. Waters with high copper concentration are tolerated by many species,
depending on the species and amount of exposure (Brown et al., 1962;
Tchobanoglous and Schroeder, 1985, Thurston et al., 1979).

Copper was detected in only one surface water sampling station (0.007 mg/L at
ROB001). This station was a fresh-water ditch located on Robert's Road, west
of Route 3 (Figure 4.2). Because this station only had one detection hit (out of
46 samples), the NASA/KSC Remediation Program Team agreed to treat it as
non-detect (Appendix E, Table E-3).

lron. The fourth most abundant metal in the earth’s crust is common in many

types of rocks and soils, particularly clays. Major sources of Fe pollution are
industrial waste waters, mines, and iron-bearing groundwaters. Iron is present
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as insoluble ferric salts and pyrite, in natural organometallic or humic
compounds, and in colloidal forms (Thurston et al., 1979).

Ferrous Fe*? and ferric Fe*® ions are the primary forms of concern in the aquatic
environment. When found in high concentrations in the water, Fe produces a
distinguishing color that serves as a good pollution indicator. Iron also forms
hydroxide or oxide precipitates which, if they flocculate or gelatinize, can be
detrimental to benthic species and fish eggs. lronis a trace element that is a
very important component of vertebrate erythrocytes and of the blood of some
invertebrates. It is also a limiting factor in the growth of anaerobic bacteria,
algae, and other plants (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Iron was detected in 35 surface water sampling stations, that included
representatives from all six watershed basin groups. This sample size allowed
more intricate statistical analysis. Two outliers were detected at stations TELO0O4
(2.3 mg/L), and at HPCO0O1-duplicate (1.2 mg/L). Station TELOO4 was
considered a serious outlier and was removed (Figure 4.2).

Data were separated into their corresponding watershed basins and ditch
groups, and their mean, minimum, maximum, and standard deviation computed
(Appendix E, Tables E-4 through E-9). Multiple statistical comparisons were
done using a non-parametric analysis of variance (ANOVA) with the Bonferroni
procedure for Post Hoc multiple comparisons (<= 0.05). This analysis was able
to subdivide and combine the different watershed basins and ditches into groups
that were statistically similar.

Iron data showed that there were statistical differences (p< 0.05), and two
distinct groups existed. The first, and with the highest iron average
concentration (0.5 mg/L) included those stations from Banana Creek and both
ditches. The second, with a combined average of 0.1 mg/L, included those
stations from the Banana River, Indian River Lagoon, and Mosquito Lagoon.
These two groups were used to compute the Screening Table values for iron.
“Combined Background Water” values were calculated by averaging only those
stations with the appropriate salinity (Appendix A, Table A-3).

Lead. Lead is widely distributed in the earth's crust, in the atmosphere and in
the hydrosphere. Lead is present in natural waters as hydroxide, sulfide,
chloride, carbonate complexes, complexed with organic molecules or adsorbed
on particulate matter (Thurston et al., 1979). It enters water supplies at a
multitude of stages such as: mining, smelting, precipitation, lead dust fallout,
erosion and leaching of soil, industrial waste, engine exhaust, and the runoff of
surfaces painted with lead-based products. Lead has been used in the
manufacture of metal products for thousands of years, and a considerable
amount of information is available regarding its harmful effects in living
organisms (Brown et al., 1962; Faust and Aly, 1981; Thurston et al., 1979).



Lead is not considered an essential element, and has no beneficial nutritional
qualities. It is a serious cumulative body poison that tends to deposit in bone,
but is also found in the brain, liver, kidney, aorta, and muscles. In humans, lead
toxicity is known to cause brain damage, anemia, neurological and renal
disorders, and even death. This biotoxicity results from long-term consumption
rather than from occasional small doses (Faust and Aly, 1981; James and
Evison, 1989; Thurston et al., 1979).

Lead was detected in 15 surface water sampling stations, that included
representatives from Mosquito Lagoon, Banana River and fresh water ditches.
This sample size did not allow for intricate statistical analysis. Data were
separated into their corresponding watershed and ditch groups, and along with
one-half the reported non-detection level of the other stations from the same
group, were used to calculate the mean, minimum, maximum, and standard
deviation (Appendix E, Tables E-5, E-6, and E-9). Screening Table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).

Magnesium. Magnesium is the eighth most abundant element and occurs
naturally in a variety of minerals as mica, chlorites, amphiboles, dolomites,
augites, pyroxenes, granites, talc, silicates, and serpentines (Thurston et al.,
1979).

Magnesium is a common constituent of natural waters and is an important
contributor to its hardness. lts concentration can vary from zero to several
hundred milligrams per liter, depending on the source and treatment of the
water. Magnesium concentration has to be carefully monitored in drinking water
because more than 125 mg/L can be cathartic or diuretic (Brown et al., 1962;
Cowan, 1995).

Primary sources of magnesium for biological organisms are rocks, soils, air, and
water. Plants and animals absorb magnesium from these primary sources and
after dying, return it to the environment, creating a magnesium cycle in the food
web (Thurston et al., 1979).

Magnesium was detected in all 46 surface water sampling stations, which
allowed more intricate statistical analysis. Station NSCO001, a fresh water ditch
along NASA Causeway, was considered a serious outlier (5200 mg/L), and was
removed from analysis (Figure 4.2).

Data were separated into their corresponding watershed basins and ditch
groups, and their mean, minimum, maximum, and standard deviation computed
(Appendix E, Tables E4 through E-9). Multiple statistical comparisons were
done using a non-parametric analysis of variance (ANOVA) with the Bonferroni
procedure for Post Hoc multiple comparisons (= 0.05). This analysis was able
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to subdivide and combine the different watershed basins and ditches into groups
that were statistically similar.

Magnesium data showed that there were statistical differences (p< 0.05), and
two distinct groups existed. The first, and with the highest magnesium average
concentration (1147 mg/L) included those stations from Banana Creek, saline
(sal >6 ppt) ditches, Indian River Lagoon, and Mosquito Lagoon basins. The
second, with a combined average of 317 mg/L, included those stations from the
Banana River and fresh water ditches. These two groups were used to compute
the Screening Table values for magnesium. “Combined Background Water”
values were calculated by averaging only those stations with the appropriate
salinity (Appendix A, Table A-3).

Manganese. Manganese is found in salts and minerals such as manganese
dioxide, carbonate and silicate. It occurs in domestic water, industrial effluents
and receiving streams. Its primary sources are soils, where it is present as
manganese oxide, and acid discharges of industrial wastes and mines. It is
harmlessly ingested by humans as a trace nutrient in food, but high
concentrations can cause liver damage (Thurston et al., 1979).

In marine waters, manganese is known to rapidly assimilate and bioaccumulate
in shellfish, leading to a potential vector for human contamination. it is not a
problem in domestic waters and the primary concerns associated with its high
concentrations are the brown color and bad taste of water (Brown et al., 1962;
Faust and Aly, 1981; Thurston et al., 1979).

It is a vital micronutrient for fiora and fauna, and its absence may cause leafing
disorders in plants and reproductive problems in animals (Faust and Aly, 1981;
Thurston et al., 1979).

Manganese was detected in 15 surface water sampling stations that included
representatives from Banana Creek and both saline and fresh water ditches.
This sample size did not allow for intricate statistical analysis. Data were
separated into their corresponding watershed and ditch groups, and along with
one-half the reported non-detection level of the other stations from the same
group, were used to calculate the mean, minimum, maximum, and standard
deviation (Appendix E, Tables E-4, E-6, and E-7). Screening Table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).

Potassium. Potassium, a silvery white metal, is the seventh most abundant
element on earth. It is present in natural waters, but usually less than
magnesium, sodium or calcium. The principal sources of potassium are
silicates, igneous, and sedimentary rocks. Potassium has no special
significance in natural water quality and is generally used as a tracer element
and an indicator of the geological origin of the water (Thurston et al., 1979).
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Potassium metal may ignite spontaneously on contact with air at room
temperature and reacts explosively with water to form potassium hydroxide
and/or potassium oxide. It reacts with the moisture on skin and other tissues to
form highly corrosive potassium hydroxide. Contact of metallic potassium with
the skin, eyes, or mucous membranes causes severe burns, and thermal burns
may occur due to ignition of the metal and liberated hydrogen. Potassium salts
are essential for life. The potassium cation is the major cation in intracellular
fluids, and is essential for nerve and heart function (Brown et al., 1962; Faust
and Aly, 1981; Thurston et al., 1979).

Potassium was detected in 45 surface water sampling stations, which allowed
more intricate statistical analysis. The only station that did not have detectable
concentrations of potassium was IRLO3, located in the Indian River Lagoon
(Figure 4.2).

Data were separated into their corresponding watershed basins and ditch
groups, and their mean, minimum, maximum, and standard deviation computed
(Appendix E, Tables E-4 through E-9). Multiple statistical comparisons were
done using a non-parametric analysis of variance (ANOVA) with the Bonferroni
procedure for Post Hoc multiple comparisons (= 0.05). This analysis was able
to subdivide and combine the different watershed basins and ditches into groups
that were statistically similar.

Potassium data showed that there were statistical differences (p< 0.05), and
three distinct groups existed. The first, and with the highest potassium average
concentration (523 mg/L) included those stations from the Mosquito Lagoon
basin. The second, with a combined average of 264 mg/L, included those
stations from the Banana Creek, Indian River Lagoon, Banana River, and saline
(sal >6 ppt) ditches. The third, had the lowest potassium average (33 mg/L), and
included the stations from fresh water ditches. These three groups were used to
compute the Screening Table values for potassium. “Combined Background
Water” values, were calculated by averaging only those stations with the
appropriate salinity (Appendix A, Table A-3).

Selenium. Chemical sources of selenium are rarely found in nature, but
selenium is closely associated with sulfur, sulfides, and trace amounts are found
in igneous rocks. Depending on its concentration, selenium can range from
being an essential nutrient to being highly toxic to biological species. ltis
considered to be toxic to humans because its symptoms are similar to those of
arsenic (Thurston et al., 1979).

Selenium is found in low concentrations in standing and marine waters, except
for polluted or seleniferous soils where its concentration is higher. Pollution
sources that commonly include selenium wastes are industries related to glass-
making, electronics, ceramics, and xerography. Selenium is present in soils as
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ferric selenite, calcium selenate, and in the elemental state which must be
oxidized to be soluble in water (Brown et al., 1962; Faust and Aly, 1981;
Thurston et al., 1979).

Selenium enters the food chain almost exclusively via piants. It is passed
through the food chain to fish, increasing its bioaccumulative toxicity to higher
levels (Brown et al., 1962; Thurston et al., 1979).

Selenium was detected in 3 surface water sampling stations, that were all part of
the Indian River Lagoon basin. These stations were |IRLO04 with 0.024 mg/L,
IRLOOS with 0.012 mg/L, and REF001 with 0.018 mg/L. This sample size did not
allow for intricate statistical analysis. Data from this basin were separated, and
along with one-half the reported non-detection level of the other stations from the
Same group, were used to calculate the mean, minimum, maximum, and
standard deviation (Appendix E, Table E-8). Screening Table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).

Silver. Silver is a brilliant white metal that is rare and expensive. It occurs in
ores such as argentite, lead, lead-zinc, copper and gold. It is harder than goid
and is very ductile and malleable. Pure silver has the highest electrical and
thermal conductivity of all metals, and possesses the lowest contact resistance.
Silver is stable in pure air and water, but tarnishes when exposed to ozone,
hydrogen sulphide, or air containing sulfur (Thurston et al., 1979).

Silver has no biological role, and it is a non-essential, non-beneficial element,
that is toxic to aquatic life. Silver is toxic because once it is absorbed, it
accumulates indefinitely in tissues particularly the skin, eyes, and mucus
membranes. Silver also has a bacteriological action and has been added to
water as a disinfectant, at concentrations that do not harm human health. The
toxicity and the degree of dissociation of silver compounds to aquatic life varies
depending on species (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Silver was detected in 2 surface water sampling stations, that were all part of the
Indian River Lagoon basin. These stations were |IRL004 with 0.0014 mg/L and
IRLOOS5 with 0.0015 mg/L. This sample size did not allow for intricate statistical
analysis. Data from this basin were separated, and along with one-half the
reported non-detection level of the other stations from the same group, were
used to calculate the mean, minimum, maximum, and standard deviation
(Appendix E, Table E-8). Screening Table “Combined Background Water”
values, were calculated by averaging those stations with the appropriate salinity
(Appendix A, Table A-3).
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Sodium. Sodium, a soft, bright, silvery metal, is the fourth most abundant
element on earth, comprising about 2.6% of the earth's crust. Itis a very
reactive element, and it is never found free in nature. (Thurston et al., 1979).

The most common compound is sodium chloride, but it occurs in many other
minerals, such as soda ash (Na;COs), baking soda (NaHCOs3), caustic soda
(NaOH), Chile saltpeter (NaNO3), di- and tri-sodium phosphates, sodium
thiosulfate (hypo, Na,S;0; . 5H20), and borax (Na;B4O; . 10H,0) (Faust and
Aly, 1981; Thurston et al., 1979).

Sodium compounds are important to the paper, glass, soap, textile, petroleum,
chemical, and metal industries. Soap is generally a sodium salt of certain fatty
acids. The importance of common salt to animal nutrition has been recognized
since prehistoric times (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Sodium was detected in all 46 surface water sampling stations, which allowed
more intricate statistical analysis. Data were separated into their corresponding
watershed basins and ditch groups, and their mean, minimum, maximum, and
standard deviation computed (Appendix E, Tables E-4 through E-9). Multiple
statistical comparisons were done using a non-parametric analysis of variance
(ANOVA) with the Bonferroni procedure for Post Hoc multiple comparisons («=
0.05). This analysis was able to subdivide and combine the different watershed
basins and ditches into groups that were statistically similar.

Sodium data showed that there were statistical differences (p< 0.05), and three
distinct groups existed. The first, and with the highest sodium average
concentration (9031 mg/L) included those stations from the Mosquito Lagoon
and the Indian River Lagoon basins. The second, with a combined average of
5690 mg/L, included those stations from the Banana Creek, Banana River, and
saline (sal >6 ppt) ditches. The third, had the lowest sodium average (895 mg/L),
and included the stations from fresh water ditches. These three groups were
used to compute the Screening Table values for sodium. “Combined
Background Water” values were calculated by averaging only those stations with
the appropriate salinity (Appendix A, Table A-3).

Thallium. Thallium is a soft, malleable, lustrous, silver-gray metal, that
resembles aluminum chemically and lead physically. A heavy oxide builds up on
thallium if exposed to air, and in the presence of water, the hydroxide is formed
(Thurston et al., 1979).

Thallium occurs in crooksite, lorandite, and hutchinsonite. It is also present in

pyrites and is recovered from the roasting of this ore in connection with the
production of sulfuric acid (Thurston et al., 1979).
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Natural thallium is a mixture of two isotopes. The element and its compounds are
toxic and should be handled carefully. Contact of the metal with skin is
dangerous, and when melting the metal adequate ventilation should be provided.
Thallium is suspected of having a carcinogenic potential for humans. Thallium
sulfate has been widely employed as a rodenticide and ant killer (Brown et al.,
1962; Faust and Aly, 1981; Thurston et al., 1979).

Thallium was detected in 2 surface water sampling stations, that were in the
Mosquito Lagoon Indian River Lagoon basins. These stations were IRLOO3 with
0.003 mg/L and SJMLO2 with 0.002 mg/L. This sample size did not allow for
intricate statistical analysis. Data from these basins were separated, and along
with one-half the reported non-detection level of the other stations from the same
group were used to calculate the mean, minimum, maximum, and standard
deviation (Appendix E, Tables E-8 and E-9). Screening Table “Combined
Background Water” values, were calculated by averaging those stations with the
appropriate salinity (Appendix A, Table A-3).

96



S

N a
2 R
.1‘ 6
3 %
‘%g\@% 7
b %
Y O(
A .
AN %
(o)
Y
Indian
River L

Banana
Creek

Figure 4.1.

Kennedy Space Center watershed
basins, surface water, and sediment
sampling locations.

Surface water and sediment
sampling locations

Banana Creek

Banana River

Freshwater Ditch salinity 0-5
indian River Lagoon

Mosquito Lagoon

Saltwater Ditch salinity > or =6

oaer OO0

Watershed Basins
=] BANANA CREEK WATERSHED
¢ BANANA RIVER LAGOON WATERSHED
¢ ] BROADAXE CREEK WATERSHED
INDIAN RIVER LAGOON WATERSHED
LAGOONAL WATERS
MOSQUITO LAGOON WATERSHED

Ae 0 2 4 6 Kilometers

KSC Background surface water and sediment sampling locations in relation to watershed basins

existing on Kennedy Space Center, FL. Symbols may represent more than one sample location.

97






KSC Background Surface Water
and Sediment Sampling Locations.

: c MLNOO1
%

"T \ MLNO002

8\ g
-~ "‘" SR3D002
8, VR
X A

SJML2

IRLOO

IRLOOS™ \ SR3D001
}\ MLS03

) MAX01
IRLOO

HPCO001
IRL0O0S BCEO004
PEF024
REFO00
BRC09
SRWO00 Lesi o SRE001
: 4 A _ BRN18
‘ BRNO020
OCAO010
BRS019
BRS017
SJBO2
= A
0 4 8 Kilometers
—" N

Figure 4.2. Surface water and sediment sampling locations for the KSC Background Study.
98






Table 4.1. List of parameters, EPA methods, and detection limits used to
analyze surface water samples collected for the 1998 KSC Background Study.
* — measurement made with a calibrated field instrument (YSI).

EPA Lab Reporting
Method Limit for surface water
Organochlorine pesticides
4,4' - DDD 8081 0.05 ug/L
44 - DDE 8081 0.05 pg/L
44 -DDT 8081 0.05 ug/L
Aldrin 8081 0.05 ug/L
Alpha - BHC 8081 0.05 pg/L
Beta - BHC 8081 0.05 ug/L.
Chlordane (alpha) 8081 0.05 ug/L
Chlordane (gamma) 8081 0.05 ug/L
Chlordane (Total) 8081 1 ug/l
Delta - BHC 8081 0.05 pg/L
Dieldrin 8081 0.05 pyg/L
Endosulfan | 8081 0.05 ug/L
Endosulfan |l (beta) 8081 0.05 ug/L
Endosulfan Sulfate 8081 0.05 ug/L
Endrin 8081 0.05 ug/L
Endrin Aldehyde 8081 0.05 ug/L
Endrin Ketone 8081 0.05 ug/L
Gamma - BHC (Lindane) 8081 0.05 g/l
Heptachlor 8081 0.05 ug/L
Heptachlor Epoxide(a) 8081 0.05 ug/L
Heptachlor Epoxide(b) 8081 0.05 ug/L
Isodrin 8081 0.05 ug/L
Methoxychlor 8081 0.05 ug/L
Mirex 8081 0.05 ug/L
Toxaphene 8081 2 ug/ll
Aroclors
PCB-1016/1242 8082 1 ug/ll
PCB-1221 8082 1 ug/l
PCB-1232 8082 1 ug/L
PCB-1248 8082 1 pg/L
PCB-1254 8082 1 pg/l
PCB-1260 8082 1 ug/l
Chlorinated Herbicides
2-(2,4,5-Trichlorophenoxy)propionic acid (2,4,5 8151 0.5 ug/L
- TP) (Silvex)
2 4 5-Trichlorophenoxy acetic acid (2,4,5 - T) 8151 0.5 pg/L
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Table 4.1. (cont.)

EPA Lab Reporting
Method Limit for surface water
Chiorinated Herbicides (cont.)
2,4-Dichlorophenoxy acetic acid (2,4 -D) 8151 0.5 ug/lL
3,5-DCBA 8151 0.5 ug/L
4-(2,4-Dichlorophenoxy)butyric acid (2,4 - DB) 8151 0.5 ug/L
4 - Nitrophenol 8151 0.5 ug/L
Acifluorfen 8151 0.5 ug/L
Bentazon 8151 0.5 ug/L
Chloramben 8151 0.5 ug/L
Dacthal 8151 0.5 ug/L
Dalapon 8151 0.5 ug/L
Dicamba 8151 0.5 ug/L
Dichloroprop [2-(2,4-Dichlorophenoxy)proponic 8151 0.5 ug/L
acid]
Dinoseb 8151 0.5 ug/L
MCPA 8151 S pg/L
MCPP 8151 5 pg/L
Pentachiorophenol 8151 0.5 wg/L
Picloram 8151 0.5 ug/L
Polyaromatic Hydrocarbons
1 - Methyinaphthalene 8310 0.5 ug/L
2 - Methyinaphthalene 8310 0.5 ug/L
Acenaphthene 8310 0.5 ug/L
Acenaphthylene 8310 0.1 g/l
Anthracene 8310 0.5 yg/L
Benzo(a)anthracene 8310 0.05 ug/L
Benzo(a)pyrene 8310 0.05 ug/L
Benzo(b)fluoranthene 8310 0.1 ug/L
Benzo(g,h,i)perylene 8310 0.1 ug/L
Benzo(k)fluoranthene 8310 0.05 ug/L
Chrysene 8310 0.05 ug/L
Dibenzo(a,h)anthracene 8310 0.1 wg/L
Fluoranthene 8310 0.1 ug/L
Fluorene 8310 0.1 ug/L
Indeno(1,2,3-cd)pyrene 8310 0.05 wg/L
Naphthalene 8310 0.5 ug/L
Phenanthrene 8310 0.05 g/l
Pyrene 8310 0.05 ug/L
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Table 4.1. (cont.)

EPA Lab Reporting
Method Limit for surface water
Metals
Aluminum 200.7 0.05 mg/L
Antimony 200.7/ 0.006 mg/L
204.2
Arsenic (as carcinogen) 200.7 0.01 mg/L
Barium 200.7 0.1t mg/L
Beryllium 200.7 0.001 mg/L
Cadmium 200.7 0.001 mg/L
Calcium 200.7 0.5 mg/L
Chloride, Total 325.3 1 mg/L
Chromium (total) 200.7 0.01 mg/L
Cobalt 200.7 0.05 mg/L
Copper 200.7/ 0.05 mg/L
7211
Iron 200.7 0.05 mg/L
Lead 200.7 0.005 mg/L
Magnesium 200.7 0.5 mg/L
Manganese 200.7 0.01 mg/L
Mercury (inorganic) 7470 0.0002 mg/L
Nickel 200.7 0.01 mg/L
Potassium 200.7/ 0.5mg/L
258.1
Selenium 200.7 0.01 mg/L
Silver 200.7/ 0.01 mg/L
7761
Sodium 7770 0.5 mg/L
Thallium 279.2 0.004 mg/L
Vanadium 200.7 0.01 mg/L
Zinc 200.7 0.1 mg/L
Other Parameters
Dissolved Oxygen * na
pH * na
Specific Conductivity * na
Temperature * na
Total dissolved solids 160.1 na
Total organic carbon 415.1 1 mg/L
Turbidity 180.1 na
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Table 4.2. Name, number of hits, and frequency of analytes occurring above
detection limits. For screening table values, the three parameters with only one
hit out of 46 samples were considered as non-detect by the NASA/KSC
Remediation Program Team.

Parameter Number of Hits Frequency %
Organochiorine pesticides
4,4' - DDD
4,4' - DDE
4,4'- DDT
Aldrin
Alpha - BHC
Beta - BHC
Chiordane (alpha)
Chlordane (gamma)

0
0
0
0
0
0

Chlordane (Total)

Delta - BHC

Dieldrin 4.35

Endosuifan |

0
0
0
0
.3
0
0

Endosulfan Sulfate

Endrin

Endrin Aldehyde

Endrin Ketone

Gamma - BHC (Lindane)
Heptachlor

Heptachlor Epoxide(a)

Heptachlor Epoxide(b)
Isodrin

Methoxychlor
Mirex
Toxaphene
Aroclors

0
0
0
0
0
0
0
0
0
0
2
0
Endosulfan Ii (beta) 0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

PCB-1016/1242
PCB-1221
PCB-1232

PCB-1254
PCB-1260

O|ojo|o|o|o

0

0

0

PCB-1248 0
0

0
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Table 4.2. (cont.).

Parameter

Number of Hits

Frequency %

Chlorinated Herbicides

2-(2,4,5-
Trichlorophenoxy)propionic acid
(2,4,5 - TP) (Silvex)

0

0

2.4,5-Trichlorophenoxy acetic
acid (2,4,5-T)

2,4-Dichlorophenoxy acetic acid
(2,4 -D)

3,5-DCBA

4-(2,4-Dichlorophenoxy)butyric
acid (2,4 - DB)

o|o

olo

4 - Nitrophenol

Acifluorfen

Bentazon

Chloramben

Dacthal

Dalapon

Dicamba

Dichloroprop [2-(2,4-
Dichlorophenoxy)proponic acid]

(elle]le]le]le}{e]l{e] e

Ojo|o|o|o|o]|o|o

Dinoseb

MCPA

MCPP

Pentachlorophenol

Picloram

OO0 |0o|0o

ojojojo|o

Polyaromatic Hydrocarbons

1 - Methylnaphthalene

2 - Methylnaphthalene

Acenaphthene

Acenaphthylene

Anthracene

Benzo(a)anthracene

Benzo(a)pyrene

(O F -3
N

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

ololnlwlolo|o|o|o

Benzo(k)fluoranthene

»
W
o

Chrysene

4.35

Dibenzo(a,h)anthracene

Fluoranthene

Fluorene

=100 |NIN|OIOIWIN|O|O|0|0|O

2.17
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Table 4.2. (cont.).

Parameter Number of Hits Frequency %
Polyaromatic Hydrocarbons
(cont.)
Indeno(1,2,3-cd)pyrene 2 4.35
Naphthalene 1 2.17
Phenanthrene 0 0
Pyrene 0 0
Metals
Aluminum 36 78.26
Antimony 19 41.30
Arsenic (as carcinogen) 9 19.57
Barium 0 0
Beryllium 5 10.87
Cadmium 0 0
Calcium 46 100.00
Chloride, Total 45 97.83
Chromium (total) 0 0
Cobalt 0 0
Copper 1 2.17
lron 35 76.09
Lead 15 32.61
Magnesium 46 100.00
Manganese 15 32.61
Mercury (inorganic) 0 0
Nickel 0 0
Potassium 45 97.83
Selenium 3 6.52
Silver 2 4.35
Sodium 46 100
Thallium 2 4.35
Vanadium 0 0
Zinc 0 0
Other Parameters

Dissolved Oxygen 41 89.13
Total Dissolved Solids 43 93.48
Total Organic Carbon 46 100
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Table 4.3. List of parameters that were below detection limits (non-detect) for all

surface water locations.

Organochiorine pesticides (8081)

Chlorinated Herbicides (8151)

4,4 - DDD 2-(2,4,5-Trichlorophenoxy)propionic
44 - DDE acid (2,4,5 - TP) (Silvex)

44 -DDT 2,4 5-Trichlorophenoxy acetic acid
Aldrin (24,5-T)

Alpha - BHC 4-(2,4-Dichlorophenoxy)butyric acid
Beta - BHC (2,4 - DB)

Chlordane (alpha) 2 4-Dichlorophenoxy acetic acid (2,4
Chlordane (gamma) -D)

Chiordane (Total) 3,5-DCBA

Delta - BHC 4 - Nitrophenol

Endosulfan | Acifluorfen

Endosulfan |l (beta) Bentazon

Endosulfan Sulfate Chloramben

Endrin Dacthal

Endrin Aldehyde Dalapon

Endrin Ketone Dicamba

Gamma - BHC (Lindane)

Heptachlor

Heptachlor Epoxide(a)

Heptachlor Epoxide(b)

Isodrin

Methoxychlor

Mirex

Toxaphene

Aroclors (8082)

PCB-1016/1242

PCB-1221

PCB-1232

PCB-1248

PCB-1254

PCB-1260

Metals

Barium

Cadmium

Chromium (total)

Cobalt

Mercury (inorganic)

Nickel

Vanadium

Zinc
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Dichloroprop [2-(2,4-
Dichlorophenoxy)proponic acid]

Dinoseb

MCPA

MCPP

Pentachlorophenol

Picloram

Polyaromatic Hydrocarbons (8310)

1 - Methylnaphthalene

2 - Methylnaphthalene

Acenaphthene

Acenaphthylene

Anthracene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Dibenzo(a,h)anthracene

Fiuoranthene

Phenanthrene

Pyrene




SECTION 5
Sediment

5.1 Methods

5.1.1 Sample Site Selection

Location of the sediment sampling stations was determined based on the
watershed basins surrounding Kennedy Space Center. A total of 40 stations
were selected to incorporate samples from open lagoonal water, rivers, creeks,
ditches, burrow pits, and impoundments (Figure 4.1). Sampling sites were
chosen away from known SWMU sites. Because 1998 was a year of the “El
Nino” weather phenomenon, the climate in Florida was very hot and dry. The
resulting drought reduced the number of ditches available for sampling. A total
of 18 ditches were sampled, with five located near KSC'’s industrial areas.
Location and description of each sampling station are given in Appendix E, Table
E-1.

The geographical location of all sampling stations was recorded using a Trimble
Pathfinder Professional XL Geographic Positioning System (GPS) unit using real
time differentially corrected methods (Trimble Navigation Limited 1994). Data
were exported to North American Datum 1927 (NAD27) State Plane coordinates
and overlayed in a Geographic Information System (GIS). Coordinate data of
each sampling station are given in Appendix E, Table E-2.

5.1.2 Sampling

Sediment sampling and analysis were subcontracted by Dynamac to
Environmental Conservation Laboratories (ENCO), in Orlando, Florida. ENCO
technicians followed the requirements of the "NASA/KSC Sampling and Analysis
Plan for RCRA Facility Investigations at Kennedy Space Center, Florida and
Cape Canaveral Air Station, Florida, Volume 4" of the Generic Work Plans (SAP)
(NASA 1996) and ENCO's FLDEP Comprehensive Quality Assurance Plan No.
960038.

Sample collection was done from shore, by wading, or in deeper water, by boat
(dredging or coring). A total of 46 samples (includes 6 duplicates) were collected
with decontaminated stainless steel equipment using latex gloves.

5.1.3 Chemical Analysis

Sediment was analyzed for 96 parameters that included organochlorine
pesticides (EPA method 8081), aroclors (EPA method 8082), chlorinated
herbicides (EPA method 8151), and polycyclic aromatic hydrocarbons (EPA
method 8310), and metals. The EPA methods used for metal analyses varied
according to the appropriate analyte and included EPA methods: 200.7, 204.2,
6010, 7210, 7471, 7520, 7610, 7770, and 7950. Other miscellaneous
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parameters such as percent solids were analyzed using SM 2540G, pH by EPA
method 9045, resistivity by Miller, texture by the sieve method, and total organic
carbon was determined by MSA Part2, 29-3 (Table 5.1).

5.1.4 Data Analysis

Analysis were conducted using SPSS Version 9 (SPSS Inc., 1999), and SAS
Version 6.02 (SAS Institute, 1998).

Frequency of analytes occurring above the detection limits was determined
(Table 5.2). The NASA/KSC Remediation Program Team agreed that only those
parameters with more than one detection would be used for analysis. Four
analytes (dieldrin, benzo(g,h,i)perylene, indeno(1 ,2,3-cd)pyrene, and 2 -
Methylnaphthalene) had only one detection and were, therefore, treated as non-
detect (Table 5.4). These values, however, are given in Appendix F, Table F-5.
Those with more than one detection were analyzed, but their non-detect values
were substituted by one-half the reported level.

Basic statistic analyses, such as Normal Probability Plots, Shapiro-Wilks, and the
Lilliefors tests, were used in SPSS to check for normality of distribution (a
=0.05). The presence of significant outliers was also tested in SPSS using
histograms, stem-and-leaf plots, and boxplots. Extreme outliers were removed,
however, in situations where a particular parameter had very few hits, these hits
were erroneously flagged as outliers and were therefore, not removed. These
will be discussed in detail on an individual basis.

For those parameters with sufficient sample size (n>30), multiple statistical
comparisons were done using SAS. Non-parametric analysis of variance
(ANOVA) with the Bonferroni procedure for multiple comparisons was used to
check if there were statistically significant differences (o =0.05) between the
different basin groups. Results did not provide enough evidence for statistically
significant differences between ail watershed basins and data were combined.
For the screening values table, data are given as twice the mean, and the
“Combined Background Sediment” column includes the overall mean of all 46
sediment stations (Appendix A, Table A-4).
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5.2 Results and Discussion

Of the 96 sediment parameters sampled, only 31 were detected. One
organochlorine pesticide (Dieldrin) out of the 25 sampled, none of the six
aroclors, and two chlorinated herbicides were detected (out of 18). Polyaromatic
hydrocarbons (18) had 12 parameters that were detected in at least one station.
The 23 metals tested were detected in high frequency except for seven (As, Ba,
Be, Cd, Co, Ni, Se), that were always below detection (Table 5.3). Screening
background tables are given in Appendix A, Table A-4.

Organochlorine Pesticides

Dieldrin was detected in only one sediment sampling station (7.9 ug/kg at
BRS017) located on the west side of the northern Banana River south of the
NASA causeway (Figure 4.2). Because Dieldrin only had one detection (out of
46 samples), the NASA/KSC Remediation Program Team agreed to treat it as
non-detect.

Chliorinated Herbicides
2,4,5-Trichloroghenog acetic acid (2.4.5 - T). 2,4,5-Trichlorophenoxy acetic
acid (2,4,5 - T) was detected at two sediment sampling stations, both located in
the Banana River. The first station was BRS019 with 17 ug/kg, and the second
was PEF024 with 27 ug/kg. BRS019 is located in the east Banana River south
of the NASA causeway, and PEF024 is in the northern Banana River in a region
known as Pepper Flats. Both regions are relatively shallow with abundant
seagrass beds (Figure 4.2).

Because 2,4,5-trichlorophenoxy acetic acid only had two detection hits, statistical
comparisons between the different watershed basins could not be done.
Therefore, these two 2,4,5-trichlorophenoxy acetic acid values, along with one-
half the reported non-detection level of the other Banana River stations were
used to compute the mean, minimum, maximum, and standard deviation for the
corresponding basin (Appendix F, Table F-2). The Screening table “Combined
Background Sediment” values were computed by averaging all hits and one-half
the reported non-detections (Appendix A, Table A-4).

2,4-Dichlorophenoxy acetic acid (2,4 - D). 2,4-dichlorophenoxy acetic acid (2,4 -

D) was detected at two sediment sampling stations, both located in the Banana
River. The first station was BRS019 with 19 ng/kg, and the second was PEF024
with 21 pg/kg. BRS019 is located in the east Banana River south of the NASA
causeway, and PEF024 is in the northern Banana River in a region known as
Pepper Flats. Both regions are relatively shallow with abundant seagrass beds
(Figure 4.2).

Because 2,4-dichlorophenoxy acetic acid (2,4 - D) only had two detection hits,

statistical comparisons between the different watershed basins could not be
done. Therefore, these two 2,4-dichlorophenoxy acetic acid (2,4 - D) values,
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along with one-half the reported non-detection level of the other Banana River
stations were used to compute the mean, minimum, maximum, and standard
deviation for the corresponding basin (Appendix F, Table F-2). The Screening
table “Combined Background Sediment” values were computed by averaging all
hits and one-half the reported non-detections (Appendix A, Table A-4).

Polycyclic Aromatic Hydrocarbons

2 —Methylnaphthalene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene,
fluoranthene, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene
are all polycyclic aromatic hydrocarbons (PAHSs). The name PAH generally
refers to hydrocarbons containing two or more fused benzene rings that form as
a result of incomplete combustion of organic compounds, by diagenesis, or by
biosynthesis (Varanasi, 1989).

PAHSs occur as needles, plates, crystals, leaflets, or prisms ranging from
colorless to pale yellow to golden yellow. PAHs are found in gasoline and diesel
motor vehicle exhaust, by-products of open fires or refuse burning, coal tar, coal
tar pitch, coke tars or coke oven emissions, creosote, mineral oils, bitumens,
industrial smoke and soot, cigarette and cigar tobacco and smoke, tar, or smoke
condensates, and charcoal-broiled foods. (ATSDR, 1989; Cerniglia et al., 1980;
Farrington et al., 1983; Healy and Young, 1979; NAS, 1983; Varanasi, 1989).

Levels of individual PAH have been measured in aquatic organisms worldwide.
Reported values range from undetectable quantities (approximately 0.01 ug’kg
dry weight) to values in excess of 5000 pg/kg dry weight for individual PAH in
tissues of aquatic organisms (Pancirov and Brown, 1977, Varanasi, 1989).

Generally elevated concentrations of PAH can be correlated with the proximity of
the organism to areas receiving chronic hydrocarbon discharge (Cerniglia et al.,
1980: Clark et al., 1978; Farrington et al., 1983; Healy and Young, 1979;
Varanasi, 1989). The majority of PAH measurements have been made on
bivalve mollusks. Bivalves are sessile, can rapidly accumulate PAHs, and have
little capacity for PAH metabolism (Clark et al., 1978; Cross et al., 1978;
Pancirov and Brown, 1977). PAH concentrations in fish have been less well
surveyed, but are usually low relative to invertebrates inhabiting the same
environment. The low body burdens of PAH to fish are believed to be due to
their ability to rapidly metabolize PAH. Although PAHSs are metabolized and
eliminated in fish, it is not known how they interact with birds, mammals, or
humans. Dermal contact with high concentrations of PAHs may cause irritation,
burning, inflammatory spots on the skin, eruption of blood vessels and sensitivity
to sunlight. However, there are a number of epidemiologic and mortality studies
that show increased incidences of cancer in humans exposed to mixtures of
PAHs (ATSDR, 1989; Varanasi, 1989).
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2 —Methyinaphthalene. 2 —Methylnaphthalene was detected in only one
sediment sampling station (140 ng/kg at SR3-D2), a saline-water ditch located
on State Route 3 just south of Haulover Canal (Figure 4.2). Because 2 —
Methyinaphthalene only had one detection (out of 46 samples), the NASA/KSC
Remediation Program Team agreed to treat it as non-detect.

Benzo(a)anthracene. Benzo(a)anthracene was detected at three sediment
sampling stations, located in the Mosquito Lagoon, Indian River Lagoon, and
Banana River watershed basins. The first station was SR3-D1 with 5.9 ng/kg,
the second was PEF20 with 4.7 ug/kg, and the third was IRL004 with 12 ng/kg.
SR3-D1 is a ditch located on State Route 3 approximately three miles north of
the State Route 406 intersection, PEF20 is in the northern Banana River in a
region known as Pepper Flats, and IRL004 is in the Indian River Lagoon just
north of the State Route 406 causeway (Figure 4.2).

Because benzo(a)anthracene only had three detection hits, statistical
comparisons between the different watershed basins could not be done.
Therefore, these three benzo(a)anthracene values, along with one-half the
reported non-detection level of the other stations were used to compute the
mean, minimum, maximum, and standard deviation for the corresponding basin
(Appendix F, Tables F-2 through F-4). The Screening table “Combined
Background Sediment” values were computed by averaging all hits and one-half
the reported non-detections (Appendix A, Table A-4).

Benzo(a)pyrene. Benzo(a)pyrene was detected at four sediment sampling
stations located in the Indian River Lagoon (three stations) and Banana River
(one station) watershed basins. The Indian River Lagoon stations were IRL001,
IRL0O02, and IRL 003 with 3 ng/kg, 11 ug/kg, and 5 ug/kg respectively. Station
BRN18 had 3 ug/kg and is located north of the NASA causeway across from the
Integrate, Transfer, and Launch (ITL) area on CCAFS( Figure 4.2).

Because benzo(a)pyrene only had four detection hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
four benzo(a)pyrene values, along with one-half the reported non-detection level
of the other Banana River and Indian River Lagoon stations were used to
compute the mean, minimum, maximum, and standard deviation for the
corresponding basins (Appendix F, Tables F-2 and F-3). The Screening table
“Combined Background Sediment” values were computed by averaging all hits
and one-half the reported non-detections (Appendix A, Table A-4).

Benzo(b)fluoranthene. Benzo(b)fluoranthene was detected at five sediment
sampling stations located in the Mosquito Lagoon, Indian River Lagoon, and

Banana River watershed basins. The first station was IRL004 with 12 ug/kg, the
second was IRLO0S with 13 pg/kg, the third was OCA010 with 4.0 pug/kg, the

fourth was SLF001 with 4 pg/kg, and the fifth was SREO001 with 14 ug/kg.
Stations IRL004 and IRLO05 are located in the Indian River Lagoon north and
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south of the State Route 406 causeway, respectively. OCA010 is a fresh-water
ditch located on Avenue 10 south of NASA’s Occupational & Checkout building,
SLF001 is a fresh-water ditch southeast of NASA's Shuttle Landing Facility, and
SREO001 is a ditch located on Schwartz Road east of State Route 3 (Figure 4.2).

Because benzo(b)fluoranthene only had five detection hits, statistical
comparisons between the different watershed basins could not be done.
Therefore, these five benzo(b)fluoranthene values, along with one-half the
reported non-detection level of the other Mosquito Lagoon, Indian River Lagoon,
and Banana River stations were used to compute the mean, minimum,
maximum, and standard deviation for the corresponding basins (Appendix F,
Tables F-2 through F-4). The Screening table “Combined Background
Sediment” values were computed by averaging all hits and one-half the reported
non-detections (Appendix A, Table A-4).

Benzo(g,h.iperylene. Benzo(g,h,i)perylene was detected at only one sediment
sampling station (11 ug/kg at IRL004). This station is located in the Indian River
Lagoon just north of the State Route 406 causeway (Figure 4.2). Because
benzo(g,h,i)perylene only had one detection (out of 46 samples), the NASA/KSC
Remediation Program Team agreed to treat it as non-detect.

Benzo(k)fluoranthene. Benzo(k)fluoranthene was detected at four sediment
sampling stations located in the Indian River Lagoon (two stations), and in two
ditches near the KSC industrial areas, part of the Banana River watershed basin.
The Indian River Lagoon stations were IRL004 and IRL0O0S with 10 pg/kg and 2
ng/kg, respectively. Station OCA010 (duplicate) had 3 pg/kg and SRE001 had
9 ug/kg. Indian River Lagoon stations are located north and south of the State
Route 406 causeway, respectively. OCA010 is a fresh-water ditch located on
Avenue 10 south of NASA’s Occupational & Checkout building, and SRE001 is
a ditch located on Schwartz Road east of State Route 3 (Figure 4.2).

Because benzo(k)fluoranthene only had four detection hits, statistical
comparisons between the different watershed basins could not be done.
Therefore, these four benzo(k)fluoranthene values, along with one-half the
reported non-detection level of the other Banana River and Indian River Lagoon
stations were used to compute the mean, minimum, maximum, and standard
deviation for the corresponding basins (Appendix F, Tables F-2 and F-3). The
Screening table “Combined Background Sediment” values were computed by
averaging all hits and one-half the reported non-detections (Appendix A, Table
A-4).

Chrysene. Chrysene was detected at six sediment sampling stations located in
the Indian River Lagoon (two stations), the Banana River, and in two ditches
(plus duplicate) near the KSC industrial areas. The Indian River Lagoon stations

were IRLO04 and IRL0O05 with 42 ug/kg and 6.9 pg/kg, respectively. Station
OCAO010 had 5.3 pg/kg and its duplicate sample had 3.6 nug/kg, SRE001 had 13
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ug/kg, and PEF20 had 4.3 pg/kg. Indian River Lagoon stations are located
north and south of the State Route 406 Causeway, respectively. OCA010is a
fresh-water ditch located on Avenue 10 south of NASA's Occupational &
Checkout building, and SREOQO1 is a ditch located on Schwartz Road east of
State Route 3. These three stations are part of the Banana River watershed
basin. PEF20 is in the northern Banana River, east of the Turn Basin in a region
known as Pepper Flats (Figure 4.2).

Because chrysene only had six detection hits, statistical comparisons between
the different watershed basins could not be done. Therefore, these six chrysene
values, along with one-half the reported non-detection level of the other Banana
River and Indian River Lagoon stations were used to compute the mean,
minimum, maximum, and standard deviation for the corresponding basin
(Appendix F, Tables F-2 and F-3). The Screening table “Combined Background
Sediment” values were computed by averaging all hits and one-half the reported
non-detections (Appendix A, Table A-4).

Fluoranthene. Fiuoranthene was detected at three sediment sampling stations
located in three ditches near the KSC industrial areas. Station SLFO001 had 9.6
ng/kg, SRE001 had 67 ug/kg, and SRW001 had 4.5 ng/kg. SLF001 is a fresh-
water ditch located southeast of NASA’s Shuttle Landing Facility, and SREQ01
and SRW001 are ditches located on Schwartz Road. The former ditch is east of
State Route 3, while the latter is west (Figure 4.2). Stations SLF001 and
SRWOQO01 are part of the Banana Creek watershed basin, and SRE001 part of the
Banana River basin.

Because fluoranthene only had three detection hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
three fluoranthene values, along with one-half the reported non-detection level of
the other Banana River and Banana Creek stations were used to compute the
mean, minimum, maximum, and standard deviation for the corresponding basins
(Appendix F, Tables F-1 and F-2). The Screening table “Combined Background
Sediment” values were computed by averaging all hits and one-half the reported
non-detections (Appendix A, Table A-4).

Indeno(1,2.3-cd)pyrene. Indeno(1 ,2,3-cd)pyrene was detected at only one
sediment sampling station (9 ug/kg at IRLO04). This station is located in the
Indian River Lagoon just north of the State Route 406 causeway (Figure 4.2).
Because indeno(1,2,3-cd)pyrene only had one detection (out of 46 samples), the
NASA/KSC Remediation Program Team agreed to treat it as non-detect.

Naphthalene. Naphthalene was detected at four sediment sampling stations
located in four ditches near the KSC industrial areas. Station SR3-D1 had 54

ng/kg, its duplicate had 24 ug/kg, SR3-D2 had 47ug/kg, and SRW001 had
67ug/kg. SR3-D1 is a ditch located on State Route 3 approximately 3 miles
north of the State Route 406 intersection, SR3-D2 is a saline-water ditch also
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located on State Route 3 just south of Haulover Canal, and SLFO1 is a fresh-
water ditch located southeast of NASA’s Shuttle Landing Facility (Figure 4.2).
Stations SR3-D1 and SR3-D2 are part of the Mosquito Lagoon watershed basin,
and SLFO1 is part of the Banana Creek watershed basin.

Because naphthalene only had four detection hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
four naphthalene values, along with one-half the reported non-detection level of
the other Mosquito Lagoon and Banana Creek stations were used to compute
the mean, minimum, maximum, and standard deviation for the corresponding
basin (Appendix F, Tables F-1 and F-4). The Screening table “Combined
Background Sediment” values were computed by averaging all hits and one-half
the reported non-detections (Appendix A, Table A-4).

Phenanthrene. Phenanthrene was detected at three sediment sampling stations
located in three ditches near the KSC industrial areas. Station BRN18 had 7.3

ng/kg, SRE001 had 7.5 pg/kg, and SJMLO2 had 10 pg/kg x 10° mg/kg. BRN18
is located north of the NASA causeway across from the ITL area, SREOO1is a
ditch located on Schwartz Road, and SJMLO2 is southeast of Haulover Canal,
north of Cucumber Island (Figure 4.2). Stations SRE001 and BRN18 are part of
the Banana River basin, and SJMLO2 is part of the Mosquito Lagoon basin.

Because phenanthrene only had three detection hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
three phenanthrene values, along with one-half the reported non-detection level
of the other Mosquito Lagoon and Banana River stations were used to compute
the mean, minimum, maximum, and standard deviation for the corresponding
basin (Appendix F, Tables F-2 and F-4). The Screening table “Combined
Background Sediment” values were computed by averaging all hits and one-half
the reported non-detections (Appendix A, Table A-4).

Pyrene. Pyrene was detected at two sediment sampling stations located in a
fresh-water ditch (SRE001) and in Mosquito Lagoon (SJMLO2). Station SRE001
had 34 ug/kg, and SJIMLO2 had 15 pg/kg. SREO001 is a fresh-water ditch
located on Schwartz Road east of State Route 3, and SJMLO2 is southeast of
Haulover Canal, north of Cucumber Island (Figure 4.2). Station SREOQO1 is part
of the Banana River basin, and SUIML02 is part of the Mosquito Lagoon basin.

Because pyrene only had two detection hits, statistical comparisons between the
different watershed basins could not be done. Therefore, these two pyrene
values, along with one-half the reported non-detection level of the other Mosquito
~ Lagoon and Banana River stations were used to compute the mean, minimum,
maximum, and standard deviation for the corresponding basin (Appendix F,
Tables F-2 and F-4). The Screening table “Combined Background Sediment”
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values were computed by averaging all hits and one-half the reported non-
detections (Appendix A, Table A-4),

Metals

Aluminum. Aluminum is the third most abundant element in the earth’s crust,
exceeded by oxygen (47%) and silicon (28%). Because of its strong affinity to
oxygen, aluminum never occurs as a metal in nature, and is found in the form of
alumina. Aluminum is commonly distributed throughout rocks and soils such as
silicates and clays. Itis ductile, nonmagnetic, and an excellent conductor of heat
and electricity (Brown et al., 1962; Thurston et al., 1979).

Aluminum is widely used in many kinds of products because its properties give it
special advantages over other materials. Aluminum is a major factor in the
human diet, and is found in buffered aspirin, antacids, antidiarrheal drugs, cake
mixes, self-rising flour, processed cheese, baking powder, food starch modifiers,
pickling salts and anti-caking agents. It can also be acquired from beverage
cans, aluminum foil, and aluminum Pots and pans. Aluminosilicates are found in
the dust from talcum powder, baby powder, cat-box litter, cement, asphalt mixes,
tobacco smoke, and ashes (Brown et al., 1962; Faust and Aly, 1981; Moore and
Ramamoorthy, 1947).

Aluminum was detected at all sediment sampling stations, which allowed more
intricate statistical analysis. Two extreme outliers were detected at stations
SRWO002 (5300 mg/kg) and MLN002 (4500 mg/kg), and were removed from data
analyses.

The mean, minimum, maximum, and standard deviation of each watershed basin
was calculated and results are given in Appendix F, Tables F-1 through F-4. A
Non-parametric analysis of variance (ANOVA) with the Bonferroni procedure for
multiple comparisons was used to check if there were statistically significant
differences (a =0.05) between the different basin groups. Results did not
provide enough evidence for statistically significant differences. Therefore, for
screening background values (Appendix F, Table F-4), all sediment data were
averaged into a group labeled “Combined Background Sediment”, and data are
given as twice the mean (USEPA, 1998).

Arsenic. Arsenicis a shiny, gray, brittle element and one of the most widely
distributed in the earth’s crust and in the biosphere. It possesses both metaliic
and non-metallic properties. Its compounds may be organic or inorganic, are
present everywhere in nature, are insoluble in water, and occur mostly as
arsenides and arsenopyrites (Thurston et al., 1979).

Arsenic is very poisonous and can kill in relatively small amounts. It is absorbed
in the gastrointestinal tract, lungs, or skin. The systemic effects of arsenic
poisoning include pain, nausea, diarrhea, abnormal heart function, impaired
nerve function, blood-vessel damage, liver or kidney damage, and a pattern of
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skin abnormalities (Faust and Aly, 1981; Thurston et al., 1979). It distributes
itself throughout the body and is excreted via urine, feces, sweat, or skin
epithelium (Faust and Aly, 1981).

Arsenic, like mercury, undergoes transformation in the environment through the
metabolic activities of microorganisms, especially bacteria and fungi. This
indicates that there is a biological cycle for arsenic within the aquatic
environment (Moore and Ramamoorthy, 1947).

Arsenic was detected in 20 sediment sampling stations, which did not allow for
more intricate statistical analysis. One extreme outlier was detected at station
TELOO4 (5.4 mg/kg), and was removed from data analyses.

Because arsenic had a relatively low number of hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
data values, along with one-half the reported non-detection levels were used to
compute the mean, minimum, maximum, and standard deviation for the
corresponding basin (Appendix F, Tables F-1 through F-4). The Screening table
“Combined Background Sediment” values were computed by averaging all hits
and one-half the reported non-detections (Appendix A, Table A-4).

Calcium. Calcium is the fifth most common element in order of abundance in the
earth’s crust. It is present in water supplies as a result of its passage through or
over deposits of limestone, marble, chalk, calcite, alabaster, selenite, dolomite,
gypsum, and gypsiferous shale. It can also be found in natural brines, salt beds,
and as a byproduct of chemical industries (Thurston et al., 1979).

Calcium is the most abundant mineral (90%) in the body, and is found mostly in
bones and teeth. That's why a diet rich in calcium is so important, particularly
when bones are growing and developing. Even after full bone development, an
adequate calcium intake is necessary to keep bones strong and healthy. When
calcium is low, the blood tends to become overly acidic. This promotes disease
conditions such as: cancer, arthritis, heart disease, Alzheimer's, Parkinson's,
colitis, asthma, muscle pains, bursitis, sinusitis, diabetes, migraine, and even
depression (Brown et al., 1962; Thurston et al., 1979).

Calcium was detected in 45 sediment sampling stations, which allowed more
intricate statistical analyses. Data were first separated into their corresponding
watershed, and their mean, minimum, maximum, and standard deviation
computed (Appendix F, Tables F-1 through F-4). A non-parametric analysis of
variance (ANOVA) with the Bonferroni procedure for multiple comparisons was
used to check if there were statistically significant differences (o =0.05) between
the different basin groups. Results did not provide enough evidence for
statistically significant differences. Therefore, for screening background values
(Appendix F, Table F-4), all sediment data were averaged into a group labeled
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“Combined Background Sediment”, and data are given as twice the mean
(USEPA, 1998). ‘

Chromium. Chromium, the seventeenth most abundant non-gaseous substance
on earth, is found in air, soil, some foods, and biological systems, but is rare in
natural waters (Brown et al., 1962; Faust and Aly, 1981).

It occurs in nature mainly in chromite or the red lead ore, crocoite. Chromium
occurs in oxidation states 0, 2*, 3*, and 6%, but only the hexavalent is toxic. |t is
stable and soluble in sea waters by forming a complex with other compounds
such as amino acids and polybasic organic acids. Complex formation with
organic compounds is affected by chloride in acidic solutions, and by magnesium
and calcium ions in alkaline solutions (Brown et al., 1962).

Chromium is widely used in industries such as metallurgy and the manufacture
of leather tanning and pigments, as a coloring agent in ceramic glazes, in glass
making, fungicides, wood preservatives, and as a rust inhibitor in cooling-tower
recirculating water systems (Faust and Aly, 1981; Thurston et al., 1979).

Chromium plays an essential role in some metabolic processes, but it is toxic in
high concentrations. This toxicity can affect the metabolization of insulin and
glucagon, the mucous membranes, respiratory disorders, and lung cancer. This
toxicity also affects fishes and aquatic invertebrates, depending on species, pH,
temperature, and chromium oxidation state (Brown et al., 1962; Faust and Aly,
1981; Thurston et al., 1979).

Chromium was detected in 37 sediment sampling stations, which allowed for
more intricate statistical analysis. Two extreme outliers were detected at stations
MLNO02 (11 mg/kg) and SRW002 (13 mg/kg), and were removed from data
analyses.

Data were first separated into their corresponding watershed, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (a =0.05) between the different basin groups.
Results did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Copper. Copper is a trace element that is usually present in the divalent state as
a natural or native metal. It is reddish, malleable, ductile, and a good conductor

of heat and electricity. Primary copper ores are sulfides, oxides, and carbonates.
Copper is often alloyed with other metals to form brasses and bronzes. Copper is
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used extensively in electrical wire, coinage metal, as an agricultural poison, and
water purifier (Brown et al., 1962; Thurston et al., 1979).

Copper is an essential trace mineral that is present in all of the body tissues.
Good sources of copper are oysters and other shellfish, whole grains, beans,
nuts, potatoes, dark leafy greens, dried fruits such as prunes, cocoa, black
pepper, and yeast (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Copper is essential for the synthesis of chlorophyll and the propagation of leaves
in plants. In animals, it is necessary for metabolism, blood chemistry, and
keeping the blood vessels, nerves, immune system, and bones healthy. The
toxicity of copper to aquatic life depends strongly on pH. At lower alkalinity,
copper toxicity is greater to aquatic life depending on species, size, and type of
exposure. Waters with high copper concentration are tolerated by many species,
depending on the species and amount of exposure (Brown et al., 1962;
Tchobanoglous and Schroeder, 1985, Thurston et al., 1979).

Copper was detected in only six sediment sampling stations, which did not allow
for intricate statistical analysis. Two extreme outliers were detected at stations
IRLOO5 (380 mg/kg) and TELOO4 (18 mg/kg), and were removed from data
analyses.

Because copper had a relatively low number of hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
data values, along with one-half the reported non-detection levels were used to
compute the mean, minimum, maximum, and standard deviation for the
corresponding basin (Appendix F, Tables F-1 through F-4). The Screening table
“Combined Background Sediment” values were computed by averaging all hits
and one-half the reported non-detections (Appendix A, Table A-4).

Iron. iron is the fourth most abundant metal in the earth’s crust common in many
types of rocks and soils, particularly clays. Major sources of iron pollution are
industrial wastewaters, mines, and iron-bearing groundwaters. Iron is present as
insoluble ferric salts and pyrite, in natural organometallic or humic compounds,
and in colloidal forms (Thurston et al., 1979).

Ferrous Fe*? and ferric Fe* ions are the primary forms of concern in the aquatic
environment. When found in high concentrations in the water, iron produces a
distinguishing color that serves as a good pollution indicator. Iron also forms
hydroxide or oxide precipitates which, if they flocculate or gelatinize, can be
detrimental to benthic species and fish eggs. Iron is a trace element that isa
very important component of vertebrate erythrocytes and of the blood of some
invertebrates. It is also a limiting factor in the growth of anaerobic bacteria,
algae, and other plants (Brown et al., 1962; Faust and Aly, 1981; Thurston et al,,
1979).
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Iron was detected in all 46 sediment sampling stations, which allowed more
intricate statistical analysis. Two outliers were detected at stations SRW002
(5600 mg/L), and at MLNOO2 (5400 mg/L), and were removed from data
analyses.

Data were first separated into their corresponding watershed, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (a =0.05) between the different basin groups.
Resuits did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Lead. Lead is widely distributed in the earth’s crust, in the atmosphere and in
the hydrosphere. Lead is present in natural waters as hydroxide, sulfide,
chioride, carbonate complexes, complexed with organic molecules or adsorbed
on particulate matter (Thurston et al., 1979). It enters water supplies at a
multitude of stages such as: mining, smelting, precipitation, lead dust faliout,
erosion and leaching of soil, industrial waste, engine exhaust, and the runoff of
surfaces painted with lead-based products. Lead has been used in the
manufacture of metal products for thousands of years, and a considerable
amount of information is available regarding its harmful effects in living
organisms (Brown et al., 1962; Faust and Aly, 1981; Thurston et al., 1979).

Lead is not considered an essential element, and has no beneficial nutritional
qualities. It is a serious cumulative body poison that tends to deposit in bone,
but is also found in the brain, liver, kidney, aorta, and muscles. In humans, lead
toxicity is known to cause brain damage, anemia, neurological and renal
disorders, and even death. This biotoxicity results from long-term consumption
rather than from occasional small doses (Faust and Aly, 1981; James and
Evison, 1989; Thurston et al., 1979).

Lead was detected in 37 sediment sampling stations, which allowed for intricate
statistical analysis. Data were first Separated into their corresponding watershed,
and their mean, minimum, maximum, and standard deviation computed
(Appendix F, Tables F-1 through F-4). A non-parametric analysis of variance
(ANOVA) with the Bonferroni procedure for multiple comparisons was used to
check if there were statistically significant differences (a =0.05) between the
different basin groups. Results did not provide enough evidence for statistically
significant differences. Therefore, for screening background values (Appendix F,
Table F-4), all sediment data were averaged into a group labeled “Combined
Background Sediment”, and data are given as twice the mean (USEPA, 1998).
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Magnesium. Magnesium is the eighth most abundant element and occurs
naturally in a variety of minerals as mica, chlorites, amphiboles, dolomites,
augites, pyroxenes, granites, talc, silicates, and serpentines (Thurston et al.,
1979).

Magnesium is a common constituent of natural waters and is an important
contributor to its hardness. Its concentration can vary from zero to several
hundred milligrams per liter, depending on the source and treatment of the
water. Magnesium concentration has to be carefully monitored because more
than 125 mg/L can be cathartic or diuretic (Brown et al., 1962; Cowan, 1995).

Primary sources of magnesium for biological organisms are rocks, soils, air, and
water. Plants and animals absorb magnesium from these primary sources and
after dying, return it to the environment, creating a magnesium cycle in the food
web (Thurston et al., 1979).

Magnesium was detected in all 46 sediment sampling stations, which allowed
more intricate statistical analysis. Station MLNO2 was considered a serious
outlier (6500 mg/L), and was removed from analysis (Figure 4.2).

Data were first separated into their corresponding watershed, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (a =0.05) between the different basin groups.
Resuits did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Manganese. Manganese is found in salts and minerals such as manganese
dioxide, carbonate, and silicate. It occurs in domestic water, industrial effluents,
and receiving streams. |ts primary sources are soils, where it is present as
manganese oxide, and acid discharges of industrial wastes and mines. ltis
harmlessly ingested by humans as a trace nutrient in food, but high
concentrations can cause liver damage (Thurston et al., 1979).

In marine waters, manganese is known to rapidly assimilate and bioaccumulate
in shellfish, leading to a potential vector for human contamination. Itis nota
problem in domestic waters and the primary concerns associated with its high
concentrations are the brown color and bad taste of water (Brown et al., 1962,
Faust and Aly, 1981; Thurston et al., 1979).

It is a vital micronutrient for flora and fauna, and its absence may cause leafing

disorders in plants and reproductive problems in animals (Faust and Aly, 1981;
Thurston et al., 1979).
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Manganese was detected in 44 sediment sampling stations, allowed for intricate
statistical analysis. Data were first Separated into their corresponding watershed,
and their mean, minimum, maximum, and standard deviation computed
(Appendix F, Tables F-1 through F-4). A non-parametric analysis of variance
(ANOVA) with the Bonferroni procedure for multiple comparisons was used to
check if there were statistically significant differences (a =0.05) between the
different basin groups. Results did not provide enough evidence for statistically
significant differences. Therefore, for screening background values (Appendix F,
Table F-4), all sediment data were averaged into a group labeled “Combined
Background Sediment”, and data are given as twice the mean (USEPA, 1998).

Mercury. Mercury is a silver-white liquid metal that is non-essential and non-
beneficial. There are several mercury-bearing minerals in nature, but sulfides,
cinnabar, and metacinnabar, are the most common. Because of its tendency to
vaporize, strong ligand affinity and ease of adsorption onto surfaces, mercury is
widely distributed in rocks, soils, air and water. |t enters aquatic systems through
runoff of mining, agriculture, and waste discharges. Its concentration in
unpolluted waters is less than 0.1 Hg/L, and in marine waters it ranges from 0.03
to 0.2 ug/L. Itis present in natural waters as simple chioride and hydroxide
complexes, depending on pH and chloride ion concentrations (Brown et al.,
1962; Faust and Aly, 1981: Thurston et al., 1979).

It may be methylated in aquatic environments by both biological and non-
biological processes, and it is commonly present as monomethylmercury and
dimethylmercury. Certain microorganisms, depending on pH and temperature,
have the ability to convert inorganic forms of mercury to the highly toxic
monomethyl or dimethyl compounds, thus making any mercury isotope
potentially harmful to the environment (Faust and Aly, 1981; Thurston et al.,
1979).

Because of its toxic nature, mercury has been extensively studied. Toxicity may
be acute or chronic varying with the form of mercury and its mode of entry into
the organism. The majority of mercury present in an aquatic system will be
found in the sediment where it is easily bioconcentrated in shellfish and fish.
Because of methylation and bioconcentration of methylmercury, its limits must
take into consideration the food chain path from aquatic organisms to humans.
For humans, the maximum daily intake levels from all sources (air, water, and
food) should not exceed 30 #g/day (Brown et al., 1962; Thurston et al., 1979).

Mercury was detected in only five sediment sampling stations, which did not
allow for statistical comparisons between the different watershed basins.
Therefore, these data values, along with one-half the reported non-detection
levels were used to compute the mean, minimum, maximum, and standard
deviation for the corresponding basin (Appendix F, Tables F-1 through F-4). The
Screening table “Combined Background Sediment” values were computed by
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averaging all hits and one-half the reported non-detections (Appendix A, Table
A-4).

Potassium. Potassium, a silvery white metal, is the seventh most abundant
element on earth. It is present in natural waters, but usually less than
magnesium, sodium, or calcium. The principal sources of potassium are
silicates, igneous, and sedimentary rocks. Potassium has no special
significance in natural water quality and is generally used as a tracer element
and an indicator of the geological origin of the water (Thurston et al., 1979).

Potassium metal may ignite spontaneously on contact with air at room
temperature, and reacts explosively with water to form potassium hydroxide
and/or potassium oxide. It reacts with the moisture on skin and other tissues to
form highly corrosive potassium hydroxide. Contact of metallic potassium with
the skin, eyes, or mucous membranes causes severe burns, and thermal burns
may occur due to ignition of the metal and liberated hydrogen. Potassium salts
are essential for life. The potassium cation is the major cation in intracellular
fluids, and is essential for nerve and heart function (Brown et al., 1962; Faust
and Aly, 1981; Thurston et al., 1979).

Potassium was detected in 42 sediment sampling stations, which allowed more
intricate statistical analysis. One extreme outlier was detected at station
MLNO0O02 (2100 mg/kg), and were removed from data analyses.

Data were first separated into their corresponding watersheds, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (a =0.05) between the different basin groups.
Results did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Silver. Silver is a brilliant white metal that is rare and expensive. It occurs in
ores such as argentite, lead, lead-zinc, copper and gold. It is harder than gold
and is very ductile and malleable. Pure silver has the highest electrical and
thermal conductivity of all metals, and possesses the lowest contact resistance.
Silver is stable in pure air and water, but tarnishes when exposed to ozone,
hydrogen sulphide, or air containing sulfur (Thurston et al., 1979).

Silver has no biological role, and it is a non-essential, non-beneficial element,
that is toxic to aquatic life. Silver is toxic because once it is absorbed, it
accumulates indefinitely in tissues particularly the skin, eyes, and mucus
membranes. Silver also has a bacteriological action and has been added to
water as a disinfectant, at concentrations that do not harm human health. The
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toxicity and the degree of dissociation of silver compounds to aquatic life varies
depending on species (Brown et al., 1962; Faust and Aly, 1981; Thurston et al,,
1979).

Silver was detected in 5 sediment sampling stations. Because of this relatively
low number of hits, statistical comparisons between the different watershed
basins could not be done. Therefore, these data values, along with one-half the
reported non-detection levels were used to compute the mean, minimum,
maximum, and standard deviation for the corresponding basin (Appendix F,
Tables F-1 through F-4). The Screening table “Combined Background
Sediment” values were computed by averaging all hits and one-half the reported
non-detections (Appendix A, Table A-4),

Sodium. Sodium, a soft, bright, silvery metal, is the fourth most abundant
element on earth, comprising about 2.6% of the earth's crust. It is a very
reactive element, and it is never found free in nature. (Thurston et al., 1979).

The most common compound is sodium chloride, but it occurs in many other
minerals, such as soda ash (NaxCO3), baking soda (NaHCO3), caustic soda
(NaOH), Chile saltpeter (NaNOQ3), di- and tri-sodium phosphates, sodium
thiosulfate ((hypo, NazS,03) . 5H,0), and borax (NazB4O; . 10H,0) (Faust and
Aly, 1981; Thurston et al., 1979).

Sodium compounds are important to the paper, glass, soap, textile, petroleum,
chemical, and metal industries. Soap is generally a sodium salt of certain fatty
acids. The importance of common salt to animal nutrition has been recognized
since prehistoric times (Brown et al., 1962; Faust and Aly, 1981; Thurston et al.,
1979).

Sodium was detected in 42 sediment sampling stations, which allowed more
intricate statistical analysis. One extreme outlier was detected at station
MLNOO1 (12000 mg/kg), and was removed from data analyses.

Data were first separated into their corresponding watersheds, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (o =0.05) between the different basin groups.
Resuits did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Thallium. Thallium is a soft, malleable, lustrous, silver-gray metal, that
resembies aluminum chemically and lead physically. A heavy oxide builds up on
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thallium if exposed to air, and in the presence of water, the hydroxide is formed
(Thurston et al., 1979).

Thallium occurs in crooksite, lorandite, and hutchinsonite. It is also present in
pyrites and is recovered from the roasting of this ore in connection with the
production of sulfuric acid (Thurston et al., 1979).

Natural thallium is a mixture of two isotopes, and it is suspected of carcinogenic
potential for humans. Thallium sulfate has been widely employed as a
rodenticide and ant killer (Brown et al., 1962; Faust and Aly, 1981; Thurston et
al., 1979).

Thallium was detected in three sediment sampling stations, which did not allow
for intricate statistical analysis. Two extreme “sutliers” were detected at stations
TELOO4 (5.4 mg/kg) and NSCO001 (2.9 mg/kg), but they were not removed from
data analyses.

Because thallium had a relatively low number of hits, statistical comparisons
between the different watershed basins could not be done. Therefore, these
data values, along with one-half the reported non-detection levels were used to
compute the mean, minimum, maximum, and standard deviation for the
corresponding basin (Appendix F, Tables F-1 through F-4). The Screening table
“Combined Background Sediment” values were computed by averaging all hits
and one-half the reported non-detections (Appendix A, Table A-4).

Vanadium. Pure vanadium is a silvery metal, and is soft and ductile. It has good
corrosion resistance to alkalis, sulfuric and hydrochloric acid, and salt water. Itis
found in numerous minerals such as carnotite, roscoelite, vanadinite, and
patronite. Vanadium is also found in phosphate rock, certain iron ores,
meteorites, and in some crude oils in the form of organic complexes (Brown et
al., 1962; Faust and Aly, 1981; Thurston et al., 1979).

Vanadium metal is important in a number of areas. Its structural strength and
neutron cross section properties makes it useful in nuclear applications. The
metal is used for producing rust-resistant springs and steels used for making
tools. About 80% of the vanadium now produced is used as ferrovanadium or as
a steel additive. The metal oxidizes readily above 660°C to form V20s, and this
pentoxide is used in ceramics and as a chemical catalyst. Vanadium compounds
are also used for dyeing and printing fabrics (Faust and Aly, 1981; Thurston et
al., 1979).

Vanadium and its compounds are toxic and should be handled with care.
However, vanadium is essential to sea squirts that can bioaccumulate
concentrations a million times higher than that of sea water. Vanadium is also a
necessary part of the diet of rats and chicks, but only in very small amounts.
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Deficiencies cause reduced growth and impair reproduction (Thurston et al.,
1979).

Vanadium was detected in 37 sediment sampling stations, which allowed more
intricate statistical analyses. Two extreme outliers were detected at stations
SRWO002 (11 mg/kg) and MLNOO2 (12 mg/kg), and were removed from data
analyses.

Data were first separated into their corresponding watershed, and their mean,
minimum, maximum, and standard deviation computed (Appendix F, Tables F-1
through F-4). A non-parametric analysis of variance (ANOVA) with the
Bonferroni procedure for multiple comparisons was used to check if there were
statistically significant differences (a =0.05) between the different basin groups.
Results did not provide enough evidence for statistically significant differences.
Therefore, for screening background values (Appendix F, Table F-4), all
sediment data were averaged into a group labeled “Combined Background
Sediment”, and data are given as twice the mean (USEPA, 1998).

Zinc. Zinc is present in natural waters mainly as hydroxide, chloride, and
carbonate depending on pH and other factors. The hydroxides are usually in the
form of colloids or adsorbed on particulate matter. There is also evidence to
suggest that much of the zinc in natural waters is contained in organic
complexes. Zinc is essential for human growth, but can be toxic to lower
organisms. lIts toxicity to aquatic organisms depends on various factors such as
temperature, pH , and dissolved oxygen (Brown et al., 1962; Faust and Aly,
1981, Thurston et al., 1979).

The natural concentration of zinc in uncontaminated water is between 0.2-5.0 Mg
dm®, the average concentration in US drinking waters is between 0.06 and 7.0
mg/L, and oceanic surface waters contain between 0.4 and 12.6 4#g dm?. Zinc
enters the water supply from sources including industrial waste products, the
deterioration of galvanized pipes, and from the dezincification of brass (Faust
and Aly, 1981; Thurston et al., 1979).

Zinc was detected in only ten sediment sampling stations, and because of this
relatively low number of hits, statistical comparisons between the different
watershed basins could not be done. Therefore, these data values, along with
one-half the reported non-detection levels were used to compute the mean,
minimum, maximum, and standard deviation for the corresponding basin
(Appendix F, Tables F-1 through F-4). The Screening table “Combined
Background Sediment” values were computed by averaging all hits and one-half
the reported non-detections (Appendix A, Table A-4).
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Table 5.1. List of parameters, the EPA methods used to analyze each, and

detection limits, in sediment samples collected for the KSC Back

ground Study.

EPA Lab Reporting
Method Limit for sediment
Organochlorine Pesticides
4,4'-DDD 8081 3.3 pg/kg _
4,4' - DDE 8081 3.3 ug’kg
4,4'- DDT 8081 3.3 ug/kg
Aldrin 8081 3.3 pg/kg
Alpha - BHC 8081 3.3 ug/kg
Beta - BHC 8081 3.3 ug’kg
Chlordane, alpha or gamma 8081 1 pa/kg
Chlordane (Total) 8081 3.3 ugkg
Delta - BHC 8081 3.3puglkg
Dieldrin 8081 3.3 uglkg
Endosulfan | 8081 3.3 pgkg
Endosulfan |l (beta) 8081 3.3ugkg
Endosulfan Sulfate 8081 3.3 pg/kg
Endrin 8081 3.3 ug’/kg
Endrin Aldehyde 8081 3.3ugkg
Endrin Ketone 8081 3.3pgkg
Gamma - BHC (Lindane) 8081 3.3 pg’kg
Heptachlor 8081 3.3ugkg
Heptachlor Epoxide(a) 8081 3.3 pa/kg
Heptachlor Epoxide(b) 808t 3.3ugkg
Isodrin 8081 3.3 pg/kg
Methoxychlor 8081 3.3 ug/kg
Mirex 8081 3.3ug/kg
Toxaphene 8081 2 ug/kg
Aroclors
PCB-1016/1242 8082 33 ug/kg
PCB-1221 8082 33 ng/kg
PCB-1232 8082 33 ng/kg
PCB-1248 8082 33 ng’kg
PCB-1254 8082 33 pg/kg
PCB-1260 8082 33 ug/kg
Chlorinated Herbicides

2-(2,4,5-Trichlorophenoxy) propionic acid (2,4,5 - 8151 10 pg/kg
TP) (Silvex)
2.,4,5-Trichlorophenoxy acetic acid (2,45-T) 8151 10 pglkg
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Table 5.1. (cont.).

EPA Lab Reporting
Method Limit for sediment
Chilorinated Herbicides (cont.)
2,4-Dichlorophenoxy acetic acid (2,4 - D) 8151 10 ug/kg
3,5-DCBA 8151 10 pug/kg
4-(2,4-Dichlorophenoxy)butyric acid (2,4 - DB) 8151 10 ug/kg
4 - Nitrophenol 8151 10 ng/kg
Acifluorfen 8151 10 pg/kg
Bentazon 8151 10 pg/kg
Chloramben 8151 10 pg/kg
Dacthal 8151 10 ug’kg
Dalapon 8151 10 pg/kg
Dicamba 8151 10 ng/kg
Dichioroprop [2-(2,4-Dichlorophenoxy)proponic 8151 10 ug/kg
acid]
Dinoseb 8151 10 ug/kg
MCPA 8151 100 ug/kg
MCPP 8151 100 ug/k
Pentachlorophenol 8151 10 ug/kg
Picloram 8151 10 ng/kg
PAHs

1 - Methylnaphthalene 8310 17 ug/kg
2 - Methylnaphthalene 8310 17 ug/kg
Acenaphthene 8310 17 ug/kg
Acenaphthylene 8310 3.3 ug/kg
Anthracene 8310 17 pg/kg
Benzo(a)anthracene 8310 1.7 pa/kg
Benzo(a)pyrene 8310 2.0 ng/kg
Benzo(b)fluoranthene 8310 3.0 ug/kg
Benzo(g,h,i)perylene 8310 3.3 ug/kg
Benzo(k)fluoranthene 8310 2.0 ng/kg
Chrysene 8310 1.7 pa/kg
Dibenzo(a,h)anthracene 8310 3.3 ug/kg
Fluoranthene 8310 3.3 ug/kg
Fluorene 8310 3.3 ng’kg
Indeno(1,2,3-cd)pyrene 8310 1.7 ug/kg
Naphthalene 8310 17 ug/kg
Phenanthrene 8310 1.7 ng/kg
Pyrene 8310 1.7 uglkg
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Table 5.1. (cont.).

EPA Lab Reporting
Method Limit for sediment
Metals
Aluminum 200.7 20mg/kg
Antimony 204.2 2 mg/kg
Arsenic 6010 0.5 mag/kg
Barium 6010 20 mg/kg
Beryllium 6010 1 mglkg
Cadmium 6010 1 mg/kg
Calcium 6010 25 mg/kg
Chromium (total) 6010 1 mg/kg
Cobalt 6010 5 mg/kg
Copper 6010/7210 5 mg/kg
iron 6010 10 mg/kg
Lead 6010 1 mg/kg
Magnesium 6010 25 mg/kg
Manganese 6010 1 mg/kg
Mercury 7471 0.01 mg/kg
Nickel 6010/7520 5 mg/kg
Potassium 6010/7610 25 mg/kg
Selenium 6010 2 mg/kg
Silver 6010 2 mg/kg
Sodium 7770 25 mg/kg
Thallium 6010 1 mg/kg
Vanadium 6010 1 mg/kg
Zinc 6010/7950 5 mg/kg
Other Parameters
pH 9045 NA
Percent Solids SM2540G NA
Resistivity Miller NA
Total Organic Carbon MSA Part2, NA
29-3
Sieve Method NA

Texture (No. 4,10,40,60,100,200)

127




Table 5.2. Name, number of hits, and frequency of analytes occurring above
detection limits occuring in sediment samples. For screening table values, the
four parameters with only one hit out of 46 samples were considered as non-
detect by the NASA/KSC Remediation Program Team.

Parameter Number of Hits Frequency %

Organochlorine pesticides
4,4' - DDD 0
4,4'- DDE 0
4,4 -DDT 0
Aldrin 0
Alpha - BHC 0
Beta - BHC 0
Chlordane (alpha) 0
Chlordane (gamma) 0
Chlordane (Total) 0
Delta - BHC 0
Dieldrin 1
Endosuifan | 0
Endosulfan 1| (beta) 0

0
0
0
0
0
0
0
0
0
0
0
0

Endosulfan Sulfate

Endrin

Endrin Aldehyde

Endrin Ketone

Gamma - BHC (Lindane)

Heptachlor

Heptachlor Epoxide(a)

Heptachlor Epoxide(b)

Isodrin

Methoxychior

Mirex

Toxaphene

Aroclors

PCB-1016/1242 0 0

PCB-1221 0 0

PCB-1232 0 0
0 0
0 0

0 0

PCB-1248
PCB-1254
PCB-1260
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Table 5.2. (cont.).

Parameter Number of Hits Frequency %
Chlorinated Herbicides

2-(2,4,5- 0 0
Trichlorophenoxy)propionic acid
(2,4,5 - TP) (Silvex)
2.4 5-Trichlorophenoxy acetic 2 4.35
acid (2,4,5-T)
2 4-Dichlorophenoxy acetic acid 2 4.35
(2,4 - D)
3,5-DCBA 0 0
4-(2,4-Dichlorophenoxy)butyric 0 0
acid (2,4 - DB)
4 — Nitrophenol 0 0
Acifluorfen 0 0
Bentazon 0 0
Chloramben 0 0
Dacthal 0 0
Dalapon 0 0
Dicamba 0 0
Dichloroprop [2-(2,4- 0 0
Dichlorophenoxy)proponic acid]
Dinoseb 0 0
MCPA 0 0
MCPP 0 0
Pentachlorophenol 0 0
Picloram 0 0

Polyaromatic Hydrocarbons
1 — Methylnaphthalene 0 0
2 — Methyinaphthalene 1 2.17
Acenaphthene 0 0
Acenaphthylene 0 0
Anthracene 0 0
Benzo(a)anthracene 3 6.52
Benzo(a)pyrene 4 8.70
Benzo(b)fluoranthene 5 10.87
Benzo(g.h.i)perylene 1 2.17
Benzo(k)fluoranthene 4 8.70
Chrysene 6 13.04
Dibenzo(a,h)anthracene 0 0
Fluoranthene 3 6.52
Fluorene 0 0
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Table 5.2. (cont.).

Parameter Number of Hits Frequency %
Polyaromatic Hydrocarbons
(cont.)
Indeno(1 ,2,3-cd)pyrene 1 2.17
Naphthalene 4 8.70
Phenanthrene 3 6.52
Pyrene 2 4.35
Metals
Aluminum 46 100
Antimony 0 0
Arsenic (as carcinogen) 20 43.48
Barium 0 0
Beryllium 0 0
Cadmium 0 0
Calcium 45 97.83
Chromium (total) 37 80.43
Cobalt 0 0
Copper 6 13.04
Iron 46 100
Lead 37 80.43
Magnesium 46 100.00
Manganese 44 95.65
Mercury (inorganic) 5 10.87
Nickel 0 0
Potassium 42 91.30
Selenium 0 0
Silver 5 10.87
Sodium 45 97.83
Thallium 3 6.52
Vanadium 37 80.43
Zinc 10 21.74
Other Parameters

Percent Solids 46 100
Total Organic Carbon 38 82.61
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Table 5.3 Parameters that were below detection limits (non-detect) in all

sediment samples.

Organochlorine pesticides (8081)

Chlorinated Herbicides (8151)

| 4.4' - DDD

4,4' - DDE

2-(2,4,5-TrichIorophenoxy)propionic
acid (2,4,5 - TP) (Silvex)

4,4' - DDT

3,5-DCBA

Aldrin

Alpha - BHC

4-(2,4~DichIorophenoxy)butyrica acid
(2,4 - DB)

Beta - BHC

4 - Nitrophenol

Chlordane (Total)

Acifluorfen

Chiordane, alpha

Bentazon

Chlordane,gamma

Chloramben

Delta - BHC

Dacthal

Endosulfan |

Dalapon

Endosulfan 1l (beta)

Dicamba

Endosulfan Sulfate

Endrin

Dichloroprop [2-(2,4-
Dichlorophenoxy)proponic acid]

Endrin Aldehyde

Dinoseb

Endrin Ketone

MCPA

Gamma - BHC (Lindane)

MCPP

Heptachlor

Pentachlorophenol

Heptachlor Epoxide(a)

Picloram

Heptachlor Epoxide(b)

Polyaromatic Hydrocarbons (8310

Isodrin

1 — Methylnaphthalene

Methoxychlor

Acenaphthene

Mirex

Acenaphthylene

Toxaphene

Anthracene

Aroclors (8082)

Dibenzo(a,h)anthracene

PCB-1016/1242

Fluorene

PCB-1221

Metals

PCB-1232

Antimony

PCB-1248

Barium

PCB-1254

Beryllium

PCB-1260

Cadmium

Cobalt

Nickel

Selenium




DRAFT

Table 5.4 Parameters that were determined by the NASA/KSC Remediation
team to be below detection limits (non-detect) for all sediment samples based on
low frequency of detection.

Organochlorine pesticides (8081)
Dieldrin
Polyaromatic Hydrocarbons (8310)
2-Methylnapthalene
Benzo(g,h,l)perylene
Indeno(1,2,3-cd)pyrene
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Appendix A

KSC Background Screening Tables for Soils, Groundwater,
Surface Water, and Sediments of Kennedy Space Center
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How to use the KSC Background Screening Tables provided in
this Appendix.

Soil:

The KSC Background soil screening table has 11 classes. The NASA/KSC
Remediation Team decision for screening purposes only allows inorganic data to
be used as a screening tool. Organic data should be discussed in the
uncertainity section of reports. Combined values for pesticides (as noted on
table) can be used for the following classes: saltwater wetland, citrus hammock,
citrus scrub, and disturbed.

Steps for screening your data against the KSC Background soil screening table
(Appendix A, Table A-1) as determined by the NASA/KSC Remediation Team:

1. Screen site data against the combined mean.

2. If the site value is higher than the combined mean, go to the soil class that
corresponds to site data sampling locations. Figure 2.2 illustrates KSC
Background classification information. Individual site maps can be obtained,
upon reqest, from NASA support contractor when additional site details are
needed.

Groundwater:

The NASA/KSC Remediation Team decision on groundwater was to separate the
groundwater according to Rule 62-520.410 F.A.C. Class G-Il and Class G-lii.
The NASA/KSC Remediation Team decision for screening purposes only allows
inorganic data to be used as a screening tool. Organic data should be discussed
in the uncertainity section of reports

Steps for screening your data against the KSC Background groundwater
screening table (AppenidxA, Table A-2) as determined by the NASA/KSC
Remediation Team:

1. Collect total dissolved solid data at all groundwater sampling locations.
2. Determine proper groundwater class for site data based on total dissolved
solid data.

Class G-Il defined as total dissolved solids less than 10,000 mg/L.
Class G-Il defined as total dissolved solids greater than 10,000 mg/L.

Surface Water:

The NASA/KSC Remediation Team decision for surface water resulted in eight
classes. The NASA/KSC Remediation Team decision for screening purposes
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only allows inorganic data to be used as a screening tool. Organic data should
be discussed in the uncertainity section of reports

Steps for screening your data against the KSC Background surface water
screening table (Appendix A, Table A-3) as determined by the NASA/KSC
Remediation Team:

1. Collect salinity measurements at all surface water sampling locations.

2. Compare site sample data to the surface water combined values based on
the appropriate salinity ranges. If the site value is higher than the KSC
Background combined salinity value, go to the appropriate surface water
basin class for site data in the KSC Background surface water table and
compare site value to that. Refer to Figure 4.1, for basin classes.

Sediment:

The NASA/KSC Remediation Team decision was to have only one class for
sediment (AppendixA, Table A-4). The NASA/KSC Remediation Team decision
for screening purposes only allows inorganic data to be used as a screening tool.
Organic data should be discussed in the uncertainity section of reports
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